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EDITOR'S PREFACE. 



Thb work now presented for the filBt time to the 
American public is the production of one of the 
most learned and highly-gined iii«i whose nBmea 
adorn the annals of sound pbilosoph)', and whose 
labours gained for him a reputation inferior only to 
that of Newton. They will be read with great ad- 
vantage hy the young student, on account of the 
remarkable cleameas with which the subjects are 
treated, the cojHousnesB of the style, and its adapta- 
tion to the purpose of easy and &niiliar insttucti<»i. 
The author, in addition to his profound knoiriedge, 
bad the odyantage of being, both by profeseian and 
by taste, a teacher of youth ; and the volumes 
hefwe us bear evidence of Ibe tact which vn expe- 
rienced inatructer acquires io discovering the pointa 
which stand most in need of varied and reiterated 
explanatioD. 

The theories which the author endeavours often 
by elaborate reasoning to support ore, it is true, in 
A 3 
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many cases such as do not at the present pe 
%eive the countenance of men of scienci 

I although we cannot subscribe to his views 
proximate causes of some of the pbenom 
describes, yet we are gndified with the dis 
his arguments, — the eamestnesa with which 
' forces them, — the solicitude that hia pupil 
rightly understand them,^-aiid rtie cnndoi 
which he adverts to those other principles th 
now BO completely gained the aacendenc 
fliose n4iiGh he advocates. 

It need not be supposed that the pupil, U 
peniBAl of these Letters, will find a difficult 
learning theories which are now explodei 
ordinary aid of a Uving iDstrueteT, or the p 

' ft modem treatise on natural [UloBOphy 
precautiona whidi the reader wfll lud in f 
win easily rectify the judgment in its pi« 
causes ; n^e the Letters of Euler, i 
diey were for the benefit of a lady, wiD 
die ingenuous mind to the love of sd 
Nor is the evidence of piety he has 
connexion with some of the highest r 
of philosophy one of the least intei 
(^ these agreeable volumes. 
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PREPACK 



It has long been a reproach against English lite- 
rature, that the composition of elem'entaiyand popular 
works has been left almost exclusively in the hands 
of inferior writers, who possess only a general and 
superficial knowledge of , the subjects of which they 
treat The influence of this practice upon the divi- 
sion of general and correct knowledge has been 
deeply felt by those who are desirous of introducing 
a system of education which embraces a wider range 
than the ordinary routine of classical instruction. 
The popular writings of those who acquire a know- 
ledge of science for the purpose of teaching it differ 
io Has most essential manner from those of a philo- 
sopher who devotes himself to the task of perspicuous 
illustration. However correct may be the principles, 
and however copious the details of a coqapiled work, 
it must always be defective in the selection of its 
topics, u^ the clearness of its reasoning, in the gen- 
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erali^ of its views, and in the BuitableiMBs of its illo^ 
trations. A mind like that of Eulse,' whidi from 
its infancy has been devoted to the study of NaturOi 
selects at once the promnwnt features of the scieitce 
wtach it is propoaed to eiplain ; excludes all perplei- 
ing and extraneous facts, and combiDes under gene- 
ral views the important truths uliich it is the object 
of the pu[Hl to seize and retau. The justness (^ 
this remark cannot fail to be admitted by those who 
read the following Letters, which may be justly char- 
acterized as the moet popular work that ever was 
written, and as the producticMi of the profoundest 
philosopher that ever wrote. 

Euler's Letters to a Crerman Princess were first 
made known in Europe by an edition published by 
die Marquis Condorckt and M. LicRoix, who en- 
riched it with a variety of notes, and whose f^inicai 
of the WOTk for the purposes of public instmctioi 
may be acceptable to the English reader: — 

" The Letters of Euler to a German Princeei 
eays M. Cokdorcet, "have acquired over all B 
n^ a celebriQ' to which the reputation of the / 
thor, the choice and importance of the several subjr 
and the clearness of elucidation justly entitle ( 
They have deservedly been considered as a tre< 
a( KieDce, adapted to the puipoeea of every cod 




semmary of learning. They may be studied U. ad- 
vantage without much previous elementary know- 
ledge ; they con^y accuiale ideas respecting a va- 
riety of objects, highly interesting in IhemBclves, ix 
calculated to excite a laudable curiosity ; they inspire 
a proper taste for the sciences, and for that sound 
philosophy which, suppoiled by science, and never 
losing sight of her c'autious, steady, methodical ad- 
vances, runs no risk of perplexing or misleading the 
aUeadve student." 

The English reader is indebted to the late Rev. 
Dr. HENBr Hunter for the following translation, 
which has gone through two editions. In this third 
edition the translation has received very essential 
improvements. The plates have been re-engraved 
and much improved, and a life of the Author has been 
added, together with various notes, which, the editor 
trusts, will be both interesting and ueeful to tb« 
reader. 

Jndependendy of the great popularity of tlua work, 
it possesses a particular interest at the present time, 
in consequence of its containing a popular view of 
the doctrine, that light consists in the undulaliona of 
an ethereal medium, which is now generally adopted^ 
in consequence of recent discoveries in optics. 

EoniBtnaK, 3^ Jtiii/, 18S3. 
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THE LIFE OF EULEE. 



Leomirs Eulbk, one of tbe most diatiiigulBbeil 
malheiiuiticians of the 18tb century, waa the boq of 
Paul Elder, and Hsrgaret Btucker, and was bom at 
BfUle on the 1 6th of April, 1 707. 

His father, who hod been instructed in meflte- 
nmtics b^ tbe celebrated James fiemoulli, became 
pastor of tbe village of Riechen, near B&ele, in the 
year 1708 ; and aa soon as his son had arrived at the 
fropet age, he instilled into him a fondness for 
madiematical learning, althou^ he had destined him 
for the aludy of theology. He was aflerward sent 
to the universit]' of Biale, vhere he was found 
worthy to receive leasona trom John Bernoulli, who 
was at that time regarded as the first mathematician 
in Europe. The assiduity and amiable dispositiffii 
of Euler soon gained him the particular esteem of 
that great roestn', and the friendship of his two sods, 
Daniel and Nicolaa Bemouiti, who had already be- 
coow thediadples and the rivals of their father. John 
Bernoulli even condescended to give him once every 
week a particular lessMi, for the purpose of ei[rfaifH 
ing the difficulties n^iich he Hicountered in ttie ernnM 
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of his studies. Euler had not the good fortune to 
enjoy long this ineatimable advantage. In 1 723, he 
received the degree of Master of Arts ; and on this 
occasion he obtained great applause by the Latin 
discourse which he dehvered, containing a compaii^ 
son between the Newtonian and Cartesian philoso- 
phy. At the request of his father, he now began the 
study of theology ; but his attachment to the mathe- 
matics was so strong, that his father at last consented 
to allow him to follow the bent of his own genius. 

Nicolas and Daniel Bernoulli having, in 1T25, 
accepted the invitation of Catherine I. to become 
members of the Academy of Sciences of St Peters- 
burg, promised at their departure to employ theii 
influence to procure for Euler an appointment in that 
city. In the following year they announced that they 
had a situation in view for him, and strongly advised 
him to apply his mathematical knowledge to physi- 
ology. Kuler immcdiUely attended the lecture* of 
the moat eminent medical professors at BAsle, and 
mide rapid progress in the study of mediciiie. His 
attention, however, was still directed to his favourite 
pursuits, and he found leisure to compose a disser- 
tation on the Nature and Propagation of SoibhI, 
and another on the Hasting of SUps, which was 
written for Ae prize proposed by the Academy td 
Sdnnces in 1727. As this subject was actuallr 
suggested by several members of (he academy, wif 
the view of bringing into notice Hie talenla of ] 
Bonguer, who bad paid particular attention to t 
■object, and ii4io was then professor of hydroerapi 
in As seaport town of Cmiaic it was not UkMy if 
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Euler, wtio wna destitute of all practical knowledge 
of naval a^irs, should have succeeded in the com- 
petition. Bouguer, of course, earned off the fint 
prize ; but Euler obtained what is called the accatit, 
or second prize, an honour of no trivial magnituda, 
when we consider that he was then only twenty yean 
of age. About this time Euler was a candidate for 
the vacant professorship of natural phitosopby in the 
untverei^ of B&sle ; but he bod not the good fortune 
to be elected. 

Daniel and Nlcdaa Bernoulli used all their influ- 
ence to procure an appoiatinent for theii young 
friend ; Eu>d having at last succeeded, they requested 
him to repair inunediately to Sl Petersburg. Euler 
lost no time in obeying this welcome summons ; but, 
aAer he had begun his journey, he had the mortifi- 
cation to leara that Nicolas BwnouUi had fallen a 
victim to the severity of the climate ; and the very 
^y upon which he entered the Russian territory 
was tint of the death of the Empress Catherine I. ; 
an event wtach at first threatened the dissolution of 
the academy, of which she had laid the foundation. 
Having reached St. Petersburg at this unfortunate 
period, Euler resolved to enter into the Russiao 
navy, and had actually received the promise of a 
lieutenancy, end ra{>id promotion, from Admiral Sie- 
Ters; but fortunately for geometry, a change took 
place in the aspect of public aflairs m 1730, and 
Euler obtained the situation of Professor of Natural 
FbiloMphy. In 1733 he succeeded Uaniel Ber- 
noulli, when that illustrious mathematiciBn retired 
inlo the couittty ; jsod in the same ytw he married 
B2 
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BladMnoiselle Gedl, a Swiss Isdy, and the dangfaler 
of a puinler whom Peter the Great had carried into 
Russia upon his return trom his first tour. In 173fi, 
& veiy intricate problem having been proposed by 
the Academy of St Petersburg, Euler completed 
the solution of it in three days ; but the exertion of 
his mind had been so violent, that it threw him into a 
fever which endangered his life, and deprived him 
ofihe use of one of his eyes. In 1738, the Acad- 
emy of Sciences at Paris crowned his memoir, en- 
titled Snr la JVaiare el U» Proprieles du Feu ; and 
in 1740, he divided with Daniel Bernoulli, and our 
countryman CoHn Maclaurin, the prize given by the 
same academy for the best dissertation on the flux 
and reflux of the sea. Daniel Bernoulli had treated 
the subject with a sagacity an(< method which char- 
acterized all his labours. The diKertation of Mbc- 
lanrin contained hie celebrated theorem on the equi- 
librium of elliptical spheroids ; and that of Euler 
was marked with an improvement on the intei^ 
calculus, which seemed to resolve the fundamental 
equation of almost all the great problems on the mo- 
tions' of the heavenly bodies. 

In conseijuence of an invitation from the King at 
Prussia, through bis minister the Count de Mardo- 
field, Euler quitted St Peleraburg and went to 
Berlin in the month of June, 1741. Upon his arri- 
val, he was honoured with a letter fitim the king o 
PnuBia, written IVom his camp at Reichcnbach ; an 
be was soon after presented to the queen-motiMr, 
princess who took great pleasure in the ctmversatio 
■of illDstrioui meo. Site treated Euler widi thi 




utmoet famffiarity ; but never being al>l« to draw Um 
into any conversation but thai of moaoByllables, she 
one day asked him why be did not wish to apeak to 
her I " Madam,*' replied Euler, " it is because I 
have just come from a country where ereiy person 
who Bpeaks is hanged." 

The memoirs and works with which Elder enriched 
mathematics and physics are so extremdy numerous 
th&t it would occupy many pages to give even the 
briefest account of them. In many of bis physical 
memoirs, Euler has been justly reproached for having 
applied the calculus to the most unfounded physical 
hypotheses, or to metapbysicsl principles which had 
not been sufficiently examined ; and on this ac- 
count seveTHl of his memoirs have no vahie whatever) 
except in HO far as they exhibit fine specimens of 
the resources of analysis. His Dissertations on 
Windmills, on Achromatic Telescopes, on Naval 
Architecture, and on Gunnery are among the num- 
ber of those which are liable to this criticiBm. 

When Euler was at Berlin, the Priacess of AiJiak 
Dessau, the niece of the King of Fnisaia, was d»- 
flirous to receive from him some instruction in the 
different branches of natural philosophy ; and for 
her use he drew up the present woik, which was 
tnmstated into most of the languages of Europe, and 
wUch has always been much esteemed, particularly 
fbr the singular persjKcui^ with which its author has 
explained some of the most profound truths in phy- 
sics. The King of Prussia ofleo employed Euler 
in calculations relative to the mint, and other objects 
of finance,— in the conducting of the waters of Sans 




Souci, and in the examination of canals, aoA other 
public works. 

In 1744, Euler was appointed Director of the 
Matbemadcol Class of the Academy, and in the same 
jrear be obtained the prize offered by the Academy 
of Sciences at Paris for the beat work on the theory 



About tiiis lime Robin's Treatise on Gunnety had 
appeared in England, and thougli our countryman 
hod treated Elder with great severity, this act of it^ 
justice did not prevent hijn irom recommending it 

the £ing of Prussia as the best book on the sub- 

:t He even translated it, and in the additions 
i^ch be mode, he gave a complete theory of the 
motton of projectiles. M. Turgol ordered this work 
to be translated into French, and introduced into 
the schools of artillery ; and about the same lime 
(here appeared a splendid edition of it in England. 

In 1746, he published hia new Theory of LigJ 
and Colours ; and in 1769, his memoir Sur la tffi 
du RoulU tl du Tangagt, gained the prize ofien 
by the French Academy of Sciences. 

In 17S0, Euler went to Frankfort to receive ) 
mother, who waa then a widow, and to conduct * 
to Berlin, where she remaued till the tune of 
death, in 1761 ; having enjoyed for eleven yean 
assiduous attention of a favourite son, and the t' 
pleasure of seeing him universally esteemed an' 

When Euler remained at Berlin, he fonr 
intimate ac<|uaintBiice with M. De Maupert 
iMTDed President of the Prvssian Aca^ 
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Sciences, and he derended Maupertuis's cel«bnit«d 
and favourite principle of the least Ktion, by resolv- 
ing, by menns of il, some of the most dURcult prot^ 
lems in mecbanica. In the dispute into which be 
was thus led with Rcenig, who bad attacked Hau- 
pertuis in 1761, he lost for a white his usuaJ serenity, 
and became one of Ae eDemies of that imfortunale 
individual. 

Although the number of foteign BssooJates in the 
French Academy of Sciences wbb limited to eight, 
jet Euler was appointed to the ninth place in ITSS, 
on the condition that no appointment should take 
place at the first vacancy. 

In the year 1760, the Russian army under Gene- 
nd Tottleben penetrated into the March of Branden- 
burg, and pillaged a fann which Euler possessed 
near Chariottenberg. Aa soon as the Rnasian gene- 
ral was informed of the event, he immediately re- 
paired the loss by a very large sum ; and upon 
giving notice of the circumstance to die Empress 
Elizabeth, she added to this indemnity a present of 
four thousand florins. This act of generosity, no 
doubt, had a powerful effect in attaching Euler to 
dte Russian government, which, in spite of bit ab- 
sence, had always paid him the pension which it 
granted him in 1742. Having received an nvit^ 
tion from the Empress Catfaeline, he obtained pet^ 
mission from the King of Prwesia to return to 8t - 
Petersburg to spend die remainder of his days; bvt 
his eldest son was not allowed to accompany him. 
^hen Euler was on the eve of his departure, Prince 
Czarlorisky invited him, in tin nnme of the King of 




PolaiHl, to take the road of Warsaw, where, loa<t' 
whb kindness, bo spent ten days with Stiuiisla{ 
who afterward honoured him with his corresgiondeH 

Shortly after hie arrival in St. Pelcrsburg, on t 
17lh July. 1766, he lost the sight of his other ej 
having been for a considerable time obliged to p4 
form bis calculations with large characters, tract 
with chalk upon a slate. His pupils and his chi 
dren copied his calculations, and wrote all his mt 
mwa, while Euler dictated to them. To one of hi 
servants, n'ho was quil« ignorant of mathematics 
knowledge, he dictated his Elements of Algebra, i 
work of veiy great merit, which has been translated 
into English and many other languages. Euler now 
acquired the rare faculty of carrying on in his 
mind the most compbcaled analytical and arithme' 
tical calculations ; and M. d'Alembert, when he saw 
him at Berlin, was astonished at some examples of 
this kind which occurred in their conversation. 
With the design of iosttucting his grandchildren in 
the extraction of roots, he formed a table of the six 
first powers of all numbera, from 1 to 100, and he 
recollected tbem with the utmost accuracy. Two 
of ba pupils having computed to the 17di term, a 
complicated converging series, their results difiered 
one unit in the fiftieth cypher ; and an appeal being 
made to Euler, he went over the calculation in his 
. mind, and his decision was found correct 

His principal amusement, after he lost his sight, 
was to make artificial loadstones, and to give lessons 
on mathematics to one of hia grandchildren, wbo 
jwrawd to evince a taste for the science. 
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Id 1771, a dreadful fire brt^e out in St Ptten- 
burg, and reached the bouse of Euler. Peter 
Grimm, a native of Biale, having teamed the danger 
in which his illuHtrious couDtryman waa placed, Ihfeir 
himself among the fiames, and, reaching Euler's 
apartment, brought him off on his ehouldera, at the 
risk of his life. His library, however, and hia fumi- 
ture were consumed ; but, by the activity' of Count 
Orioff, his MSS. were saved. 

Having revised the lunar theory with the aid of hi« 
aoD) and his colleagues KraAl uid Lexell, he con- 
Btrucled a set of new lunar tables, which appeared in 
1772. These tables were, at the suggestioi^f Tur- 
got, rewarded by the Board of Longitude ie'Fmnce ; 
and when the more perfect tables of Mayer obtained 
the great premium of three thousand pounds offered 
by the British parliament, the sum of diree hundred 
pounds was given to Euler for having furnisbed the 
theorems made use of by Mayer in hia theory. 

In the y«ar 1773, Euler pubhshed, at Sl Peters- 
bnrgi his great work on the ctmstniction and maib- 
agement of vessels. A new edition soon afterward 
appeared at Paris, and at the desire of the Frcoch 
Ung it was introduced into the schools of marinet 
and a reward of 1000 rabies transmitted to tba 
author, accompanied by a handsome letter from the 
celebrated Turgot About the same time an Italian, 
an English, and a Russian translation of it appeared^ 
and the Russian government presented Euler with a 
gift of 2000 rubles. 

Three of EuHr's memoin on the Inequalities in 
ttto Motions of the Planeta, wms crowned by the 
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:h Academy of Sciences ; and be also gainnd 

izcB of 1770 and 1772, by bia perfection of tba 

theory. 

.ving lost his first wife, by whom he had thir- 

children, eight of whom died in early life, be 

tarried a second time, in 1776, to Mademoiselle 

. the aunt of his first wife. 

ler underwent the operation of couching, which 

ittended with the happy result of restoring Ma 

but whether from the negligence of bis sur- 
er from his being too eager to avail himself of 
w organs, hn again lost his sight, and suffered 

severe pain from the relapse. His love for 
:e, however, continued unabated, and in the 
: of seven years he transmitted seventy memoirs 
. Academy of St. Petersburg. On the 7th of 
mber, 1783, after having amused himself with 
ating upon a slate the laws of the ascensional 
1 of balloons, which at that time occupied the 
ion of philosophers, he dined with his relation 
eitell, and spoke of the planet Herschel, and 
calculatiuns by which its orbit was iletemiined. 
rt lime afterward, he was amusing himself with 
r his grandchildren, when, on a sudden, his pipe 
im his hand, and he expired of an apoplectic 
, in the 79lh year ofhis age, 
ler left behind him three sons, baling tost his 
lughters in the latter ya-irs ofhis life. Twenly- 
t of thirty of his grandchildren were alive at 
ne of his death. 

er a long life, so successfully devoted to the 
«s, Eulcr's reputatioa was very widely ««■ 
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tcatM. Bendet being a foreign member of tlw 
Academy of Sciencee at Puis, he was a Fellow uf 
the Royal Socie^ of Londas, and he had received 
from most of the princes of the north, with whom 
he was well acquaintedi the most flattering marks of 
their esteem. When the Prince-royal of Prussia 
visited St. Petersburg, he anticipated the visit of 
Euier, and passed several hours at the bedside of 
this great man, holding him all the time by the hand, 
and havijig, at the same time, upon his knee one of 
Enter's grandchildren, who had displayed a prema- 
ture attachment to geometry. The death of Euler 
was considered as a public loss even in the country 
where he lived ; and the Academy of St. Petersbu^ 
decreed to him, at their own expense, a marble bust, 
which was placed in their public hall. In an alle- 
gorical picture which the academy had put up 
■during his life. Geometry was represented as placed 
upon a basement covered with calculations. These 
calculations, were the formulte of Euler's Theory of 
the Lunar Motions. 

Euler's knowledge was not limited to mathematics 
and the physical sciences. H e had carefully studied 
anatomy, chymistry, and botany, end he was also 
deeply versed in ancient literature. He could repeat 
the JEneid Irom the beginning to the end, and he 
could even tell the first and last lines in every page 
oTthe edition which be used. In one of his works 
there is a learned memoir on a question in mechanics, 
of which, aa he himself informs us, a verse of the 
^neid gave him the first idea. 

^i4sT f^mvi wtwnVy a 9troc^ »m»titutim) 
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and when we consider the nature of his studiast and 
the assiduity with which he pursued them, we obii« 
not fail to be surprised at the great degree of health 
widch he enjoyed. In all his habits he was sober 
and temperate,— in his manners unaffected and 
pleasingf-'Hind in his temper lively and cheerful. In 
his moral and religious character there is much to 
admire. The high fame which he acquired, and die 
interruptions which he must have experienced, both 
at Beriin and St Petersburg, never induced him to 
abandon the religious duties to which he had been 
educated* As long as he preserved his sight, he 
assembled the whole of his family every evening, 
and read a chapter of the Bible, which he accompa* 
tiied with an esdiortation. Theology was one of his 
favourite studies, and the doctrines which he held 
were the most rigid doctrines of Calvinism. 

The following is a list of the principal work9 
which Euler published in a separate form. His 
papers, which appeared in the Memoirs of the Acad- 
emies of Berlin and St Petersburg, are extremely- 
numerous ; and he left behind him no fewer than 
two hundred ready for publication, in order to fulfil 
a promise which he had made to Count Orlof!^ to 
supply memoirs for the Acta PetropolHatM for twenty 
years afler his death. 

JDiasertatio Physica de Sana. B&sfe, 1727. 

J^fechamca, me fiwtus fcientla analytiee expotiku 
Petropoli, 1736, 2 vols. 

TenUxmen nootz fhecruz mu&ici^, Petrop. 1739. 
This work contains many new views ; but, as M. 
Fuss remarits, it had no great soeeess, as it eon« 
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tained too much geometry For muriciansi and too 
much music for geometers. 

MethoAu mtmiendi Imtai curra* monmi mim- 
mute proprietatt gaudaitt*. LaumnuK, 1744, 4ta. 

Introduetio in Analyim Infimiomm. L&usamm, 
1744, 2 vols. 4to. This work, which had become 
verf scarce, was reprinted at Lyons in 1797. It 
was tnmslated into French in 1796, by J. B. Labey, 
and published al Paris. 

Thtoriawutuianjilantlanimelcomfiarvm. Bero- 
lini,1744. 

Oputaila varii argummii. Berolini, 1746, 1760, 
17fil, 3 vols. in'4to. The tables of the sun and 
moon, wbicli are sometimes to be found separately, 
fbnn part of the Ist volume of this collection. As 
the three volumes make oaly 600 pages, they are 
graerally found in one. 

ScUnfia nonofi*, ten frocJafiia de «on*Jrtt«iHJi* ae 
dirigatdi* tioviltut. Petropoli, 1749, 2 vols. 4to. 

Thtoria molmtm hutM exhibtnt omntt eorpomm 
intquaUtaU* ctm additamenU). Berolini, 1 763, 4to. 

Dittertalio de prineipu) minima aeUtmii, wui 
etm Kcaaiae objtetioniim CI. KoemgU, eontra hoe 
prineipitm faclaratn. Berolini, 17S3, 4to. 

IntHiuiitmei ealcvli differaiUaiis, cttni tjut hik m 
aaaiyri tnjSmfonan ac doctriaa teritrvm. Berolini, 
1766. Another editioQ of this work was published 
in 1787, ip 2 vols. 4to, end another at 6L Peters- 
burg in 1804, in 2 vols. 4to. 

Condructio iattim objecfmomm ex di^liei vitro. 
PMrop. 1763. 

Medilaiiotua de perlitrhtiiioiie mohu conutorvm 
ob aUracliont pioMtarvm orta, Petro^. l,T&^^Vf:t, 
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theoria mohu corporum 9oHdormn hu rigidorum^ 
Rostochii, 1766, 4to. 

InsUtiUioneB Calcvli IrUegraUi, Petrop. 17C8- 
1770, 3 vols. 4to. Another edition, more correct, 
was published at St Petersburg in 1792 and 1794, 
in 4 vols. 4to. 

Diopiriea, Petrop. 176^^ 1771^ 3 vols. 4to. 

JVbvcB Tabula Lmarei MnguUui tnethodo ecn^ 
8fftic/(B. Petrop. 1772, 8vo. 

OpuBcuia Jtnalyiica. Petrop. 1783, 17S5, 2 
vob. 4to. 

LeUrtB d une Princesse d^AUemagne 9ur quelqueg 
9^tU de Physique et de Philosophie, St. Peters- 
buigrl768, 1772, 3 vols. Svo. Another edition 
was published at Berne in 1778, in 3 vols. Svo. 
Another edition was published at Paris with notes bj 
Condorcet, and another in 1812, by J. JB. Labey. 

EUmtn$ ^Algehrt^ trad, de PAUemand,par J. Ber- 
noulli, avec des notes par Lagrange et Gamier. 
Paris, 1807, 2 vols. 8vo; Two editions of this work 
were published at Lyons in 1774 and 1796, and an 
edition appeared in London translated into English. 

TheoTtt complete de la construction et de la ma* 
nawfre dee vaieeeaux (le style retouch^ par Keralio). 
Paris, 1776, Svo. The original edition of tl^is work 
appeared at St. Petersburg in 1773. 

A collection of the best productions of £u]er 
appeared at Brienne in 1797,- in 18 volumes. . 

A more extended list of the writings of this illus- 
trious mathematician will be found in his £ulog6 by 
Nicholas Fuss, which was published at St Petera- 
burgt in 1783, in 4ta 
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DIFFERENT SUBJECTS 



NATURAL PHILOSOPHY. 



Of Magtatait, or BaUruvm. 

Tbb hope of hBvtng' the honour to communicate 
in person to your higoneu my lessons in ^ometry 
becotniog- more and more distant, which is a very 
sensible mortiRcation to me, I feel myself impelled 
to suf^y personal instruction by writing, as far as 
the nature of the st^jects will permit. 

I begin my attempt by assistmg you to form a just 
idea of Magmlude; producing, as eiamples, the 
smallest as well as the greatest extensions of matter 
actually discoverable in the ^stem of the universe. 
And, first, it is necessary to nz on some one deter- 
minate division of measure, obvious to the senses, 
and of which we have an exact idea, that of a foot, 
fbr instance. The quantity of this once established, 
and rendered familiar to the eye, will enable us to 
form the idea of every other quantity as to length, 
great or small ; the former, by ascertaining- how 
many feet it contains, and the latter, by ascertaining 
vbat MTt of a foot measures it. For tiaving the idea 
C9 
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of a/oof, we have that also of its half, of iu fvorf 



imai 



ws almost to esciipe the si^ht. But it is to be r 
marked, that there are animaJs not of greater extea- 
sioD than this last subdivision of a foot, which, how. 
ever, are compoaed of members through which th« 
blood circulates, and which asain contain other ani- 
mals, ae diminutive compared to them as they are 
compared to us. Hence it may be concluded, that 
animals exist whose smallnees eludes the ima^na- 
tion ; and that these again are divisible into parts 
inconceivably smaller. Thus, for example, though 
the ten thousandth part of a foot be too amall lor 
sight, and, compared to us, ceases to be an object of 
sense, it nevertneless surpasses in magnitude certain 
complete animals, and must to one of tboae animals, 
were it endowed with the power of perception, 
appear extremely great. 

Let us now make the transition from these minute 
auantities, in pursuing which the mind is lost, lo 
those of the greatest magnitude. You have the idea 
of ■ mile ; the distance from hence to Magdebu^ Is 
computed lo be B3 English miles; a mile contains 
ftSBO feet, and we employ it in measuring the distance 
of the different re^ons of the globe, in order to avoid 
numbers inconceivably great in our calculations, 
which must be the case ir we usni a foot instead of 
a mile. A mile then containing 6980 feet, when it 
is said that Magdeburg Is 83 miles from Berlin, tho 
idea is much clearer than if the distance of these 
two cities were said to be 438,940 feet : a number so 
great almost overwhelms the understanding. Again, 
we shall have a tolerably Just idea of the magnitode 
of the earth, when we are told that its circumference ' 
is about 85,0-30 miles. And the diameter being a 
straight line passing through the centre, and termi' 
natiog in opposite directions, in the surface of th« 
^ben, wliicn is the >ckiwwled|«d figure 9f tlM Mrth, 
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Ibr Vhich reason also we give it tbe name of fMr— 
the diameter of this glalit ib calculated to be 7064 
miles; and this is the measurement whick we em[dof 
for determining' the greatest diatancen discoverable 
ID the heavens. Of all the heavenly bodies 'the 
Moon is nearest to ue, bein^ distant only about 3D 
diameters of the earth, which amount to 340,000 
miles, orl^38,400, 000 feet; but the Urst computation 
of 30 diameters of the earth is the clearest idea. 
The Sun is about 400 times farther from us than the 
moon, and when we aay his distance is 13,000 diame- 
ters of the earth, we tuve a much clearer idea than 
if it were espreased in milea or In feet. 

You know that the earth performs a rerolntioD 
round the son in the s^ace of a year, but that the 
sun remains Hied. Besides the f^artA, there are t«a 
other similar bodies, named planets, which revolve 
round the sun ; two of them at smaller distances, 
Mercury and Vtnus; and eight at greater distances, 
namely. Mars, Cerei, Pallas, Juno, Vesla, Jvpiter, 
Saturn, and the Georgitan Sidus. All the other stars 
which we see, comets excepted, are called Axed; 
and their distance from us is incomparably greater 
than that of the auo. Their distances are undoubt- 
edly very unequal, which is the reason that some of 
these bodies appear greater than others. But the 
nearest of them is, unquestionably, above 6000 times 
more distant than the sun^ its distance from us, 
accordingly, exceeds 45,000,000 of times the earth's 
diameter, that is, 356,050,000,000 miles; and this 
B^n, multiplied by 5980, will give that prodigioDS 
distance expressed in feet. And this, after ul. Is 
the distance only of those fixed stars which are the 
nearest to us ;— the most remote which we see are 
perhaps a himdred limes farther off* It is probable, 
Bt the same time, that all these stars taken together 
constitute only a very small part of the whole unl- 

*n*Mter MfM ten wM Bl 
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▼ene, relatively to which these prodigious distahc^i 
are not greater than a grain of sand compared to tin 
earth. This immensity is the work of the Almighty, 
who governs the greatest bodies and the smallest. ] 
BeHin, I9th AprU, 176a 



LETTER IL 

Of Velocity. 

Flatteruio myself that your highness may be 
pleased to accept the continuation of my instructions, 
a specimen of which I took the liberty of presenting 
to you in a former letter, I proceed to unfold the idea 
of velocity, which is a particulai- species of exten- 
sion, and susceptible of increase and of diminution. 
When any substance is transported, that is, when it 
passes from one place to another, we ascribe to it a 
velocity. Let two persons, the one on horseback, 
the other on foot, proceed from BerUn to Magdeburg, 
we have, in both cases, the idea of a certain velocity; 
but it will be immediately affirmed, that the velocity 
of the former exceeds that of the latter. The ques- 
tion then is, Wherein consists the difference which 
we observe between these several deerees of ve- 
locity 1 The road is the same to him wiio rides and 
to him who walks ; but the difference evidently lies 
in the time which each employs in performing the 
same course. The velocity of the horseman is the 
greater of the two^ as he employs less time on the 
road from Berlin to Magdeburg; and the velocity of 
the other is less, because he employs more time in 
travelling the same distance. Hence it is clear, that 
in order to form an accurate idea of velocity, we 
must attend at once to two kinds of quantity-— 
namely, to the length of the road, and to the time 
employed. A body, therefore, which in the same 
time passes through double the space which another 
jbody does, has double its velocity ; if in the sarAe 
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time it pastes throogh tfarice the distance, it is said 
to have thrice the velocity, and so on. We shall 
comprehend, then, the velocitj of a Ixidy, when w« 
■are informed of the space through which it passe* 
in a certain quantity Qi time. In order to know the 
velocity of my pace, when 1 walk to Lytiow (about 
a league from Berlin), I have obsarred that I make 
130 stepa in a minute, and one of my steps is equal 
to two feet and a half. My velocity, then, is auch 
as to carry me 300 feet in a minute, and a space 60 
times greater, or 1B,000 feet in an hour. Were I, 
therefore, to walk from hence to Magdeburg, it would 
take exactly 24 hours. This conveys an accurate 
idea of the velocity with which I am able to walk. 
Now it is easy to comprehend what is meant by a 
greater or less velocity. For if a courier were to go 
from hence to Magdeburg in 19 hours, his velocity 
would be the double of minej if he went in eiriit 
hours, his velocity would be triple. We remark K 
very ^at difference in the degrees of velocity. The 
tortoise furnishes an example of a velocity extremely 
small. If she advances only one foot in a minute, 
her velocity is 300 limes less than mine, for I ad- 
vance 300 feet in the same time. We are likewise 
acquainted with velocities much greater. That of 
the wind admits of great variation. A moderate 
wind goes at the rate of 10 feet in a second, or 600 
feel in a minute ; its velocity therefore is the double 
of mine. A wind that runs 30 feet in a second, or 
1300 in a minute, is rather strong.; and a wind which 
flies at the rate of SO feel in a second is extremely 
violent, though its velocity is only ten limes greater 
than mine, and would take two hours and twenty- 
four minutes to blow from hence to Magdeburg.* 

The velocity of sound cornea next, which moves 
1U3 feet in a secmid, andeB,530ina minute. Thii 
velocity, therefore, is 338 times greater than that of 

MTCT > MUmq IN ■»■ la IB Mr, <* at M IB 1 •HsI-.AMnHK. 
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my pace ; and were a cannon to be fired at Hagdft- 
biirg, if tlie report could be heard at Berlin, it would 
arrive there in seven minutes. A cannon-ball moves 
with nearly the same velocity ; but when the piece 
is loaded to the utmost, the ball is supposed capable 
of ftyinK SOOO feet in s second, or ISO.OOO in a ni- 
nute. This velocity appears prodigious, though, it 
is only 400 times great<^r than that of my pace ia 
walking to Lytiow ; it is at the same time the pal- 
est velocity known upon earth. But there are in the 
heavens velocities far greater, though their motion 
appears to be extremely deliberate. You know that 
tbe earth turns round on its axis in 34 hours : every 
point of its surface, then, under the equator, moves 
95,020 English miles in 34 hours, while 1 am able to 
get through only B3 miles. Its velocity is accord- 
ingly above 300 times greater than mine, and less 
notwithstandina; than the greatest possible velocity 
of a cannon-ball. The earth performs its revolution 
round the sun in the space of s year, proceeding at 
the rale of 6B9,S50 English miles in 24 hours. Ito 
velocity, therefore, is IS times more rapid than that 
of a cannon-ball. The greatest velocity of which 
we have any knowledge is undoubtedly that of light, 
which moves 13,000,000 English miles every minute, 
and exceeds the velocity of a cannon-ball 400,000 
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Of SoKtid, and it* Velocity. 

Tvt elucidations of the different degrees of velo- 
city, which I hate had the honour to lay before you, 
carry me forward to the examination of sound, or 
noise in general. It must be remarked, that a cer- 
tain portion of time always intervenes before sound 
can reach our ears, and that this time is longer ia 
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{niBporlion to our distance from the place where th» 
sound is produced ; a secoud of time being requisite 
to convey sound 1H9 feet. 

When a cannon is fired, those who are at a di»- 
tancs do not hear the report for some time after they 
liaf e seen the flash. Those who are about five miles 
off, or 36,400 feet distant, do not hear the report till 
93 seconds after they see the dash. You must do 
doubt have frequently remarked, that the noise of 
ttauQder does not reach the ear for some time aner 
the lightning; and it is by this we are enabled to 
calculate our distance from the place where the 
thunder is generated. If, for example, we observe 
that 90 seconds intervene between the flash and the 
thunder-clap, we may conclude that ihe seat of the 
thunder is 33,840 feet distant, allowing 1 143 feet of 
distance for every second of time. This primary 
property leads us to inquire in what sound consists. 
Whether its nature is similar to that of smell — that 
is, whether sound issues from the body which pro- 
duces it, as smell is emitted from the flower, by fill- 
ip the air with subtile exhalations, calculated to 
aflect oar sense of smelling. This opinion was for- 
merly entertained ; but it is now demonstrated, that 
from a bell struck nothing proceeds that is conveyed 
to our ear, and that the body which produces sound 
loses no part of its substance. When we look upon 
a bell that is struck, or the string of an instrument 
when touched, we perceive that these bodies are then 
in a state of trembling, or asilation, b^ which all 
their parts are affected ; and tnat all bodies sucepti- 
ble of such an agitation of their parts likewise pro- 
duce sound. These shakings or vibrations are visi- 
ble in the string of all instrument when it is not 
too small; the tense string n^ . 
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nwcA nun obtnoiu to *«ue than tliey art mf»et. It 
moat be observed, Ihal these vibrations put the adja- 
cent air into a similar vibration, wbich ie eucces- 
uvely com muni ca ted to the more ramote paita of 
the air, till it come at length to strike our organ of 
hearing. It ia Ibe air, then, which receives these 
vibrationa, and which transmits the sound to our ear. 
Hence it is evident, that the perception of sound is 
nothing eke but the impression made on our ear by 
the concussion of the air, commimicated to us 
through the organ of hearing ; and when we hear 
the BMind of a string touched, our ear receives from 
the air as many strokes aa the string perfomfs vi- 
brations in the same time. Tbua, if the string per- 
forms 100 vibrations in a second, the ear likewise 
receives 100 strokes in the same time ; and the per- 
ception of these strokes is what we call sound. 
Wlien these strokes succeed each other uniformly, 
or when their intervals are all equal, the sound is 
regular, and such as ia requisite to music. But when 
the strokes succeed unequally, or when their inter- 
vals are unequal among themselves, an irregular 
Doise, incompatible with music, is the result. On 
considering somewhat more attentively the musical 
sounds, whose vibrationa take place equally, 1 remark 
first, that when the vibrations, as i'ell aa the strokes 
impressed on the ear are more or less strong, nn 
other difference of sound results from it but that of 
stronger or weaker, which produces the disiinctiou 
termed by musicians, /crte el piano. But there is a 
diDerence much more essential when the vibrationa 
are more or less rapid^that is, when more or fewer 
of them are performed in a second. When one 
■tring makea lOO vibrations in a second, and another 
string makea 300 vibrations in the same time, their 
souDOa are essentially difTerent ; the former is lower 
or more I3at, and the other higher or more sharp 
Such is the real difierence between the flat aii| 
sharp aonnda, Qo whicb bU uii^ hipgea, bii4 wbif^ 
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toachea how to combine aoonda difTennt in re«pect 
of flatness and sharpness, but in such a manner aato 
produce an agreeable harmony. In the Hat sounds 
there Are fewer vibrations in the same time than in 
the sharp sounds 1 and every key of the harpsichord 
contains a certain and determinate number of vibra- 
tions which are completed in a second. Thus tho 
note marked by the letter C makes nearly 100 vi- 
brations in a second, and the note marked f makes 
ISOO vibrations in the same space of time. A string 
which vibrates 100 times in n second will give pre- 
cisely the note C ; and if it vibrated only 50 times, 
the note would be lower or more flat. But with re- 
gard to our ear, there are certain limits beyond 
wliich sound is no longer perceptible. It would 
appear that we are incapable of determining either 
the sound of a string which makes less than 30 vi- 
brations in a second, because it is too low ; or that 
of a string which would make more than 7553 in % 
second, because such a note would be too high.* 
35lh April, ITOO. 



Of CoruOTuaice and Du$<mance. 

I RfsuHt my remark, that on hearing a aimple 
musical sound, our ear is struck with a series of 
strokes equally distant from each other, the fre- 
fluency and number of which, in a given space of 
time, constitute the difTerence which subsists be- 
tween low notes and high ; so that the smaller the 
number of vibrations or strokes produced in a given 
time, say a second, the lower we estimate that 
ndte ; and the greater the number of Bu:;h vibra- 
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liona, the higher is the note. The perception of a 
BJmple musical sound may, therefore, be compared 
10 a aeries of dots equidistant from each other, as 

If the intervals between these dots be 

greater or smaller, the sound produced will be lower 
or higher, Jt cannot be doubted, that the perception 
of a simple sound is somewhat similar or analoffous 
to the sight of such a scries of dots equidistant from 
each other: we are enabled thus to represent to the 
eye what the ear perceives on hearing sound. If 
the distances between the dots were not equal, or 
were these dots scattered about confusedly, they 
would be a representation of a confused noise, in- 
consistent with harmony. This being laid down, let 
us consider what effect two sounds emitted at once 
must produce on the ear. First, it is evident, that if 
two sounds are equal, or if each performs the same 
number of vibrations in the same time, the ear will 
be affected in the very same manner as by a single 
note; and in music these two notes are said to be 
in unison, which is the simplest accorif; we mean 
by the term accord the blending of two or more 
sounds hoard at once. But if two sounds differ in 
respect of low and high, we shall perceive a mix- 
ture of two series of strokes, in each of which the 
intervals are equal among themselves, hut greater 
in the one than in the other ; the greater intervals 
corresponding to the lower note, and the smaller to 
the higher. This mixture, or this accord of two 
notes, may be represented to the eye by two series 
of dots arranged on two lines A B and C D : 
1334667B9 10I1 



1 S 3 4 5 6 7 8 g 10 11 19 

and in order to form a just idea of these two series, 
we must have a clear perception of the order which 
subsists among them ; or, in other words, of the re- 
lation between tlie intervals of the one line and of the 




or CONSONANCE AND DIasONANCE. 

each li , _ _ _, 

marked witlithe figure 2 will not exactly correspond, 
nnd atiUleas those marked 3: but we find No. II 
exactly over No. 13 ; from which wo discover that 
the higher note makes 12 vibrations, and the other 
outy 11. If we had not alSxed the figures, the eye 
would hardly have perceived this orfer: it is the 
same with the ear, which would with much difficulty 
have traced it in the two notes which I have repre- 
sented by two rows of dots. But in the following 



you discover at the first glance that the upper line 
contains twice as many dots as the under, or that 
the intervals in the under line are twice as great as 
those of the upper. This is undoubtedly, next to 
unison, the simplest of all cases in which you can 
at once discover the order which subsists between 
these two series of dots ; and the same thing holds 
with respect to the two notes represented by these 
two lines of dots ; the number of vihralions con- 
tained in the one will be precisely the double of the 
vibrations contained in the other, and the ear will 
easily perceive the pleasing relation of these two 
sounds ; whereas, in the preceding case, it was ex- 
tremely difficult, if not impossible, to discriiuinato. 
When the ear readily discovers the relation subsist- 
ing between two notes, theit accord is denominated 
coHtonance ; and if it be very difficult, or even im- 
possible to catch this relation, the accord is termed 
dujonance. The simplest consonance, then, ia that 
in which the high note produces precisely twice as 
many vibrations as the low note. This consonance, 
in the language of music, is called oclave — every one 
knows wnat it means ; and two notes which difier 
precisely an octave harmonize so perfectly, and 
possess such a complete resembbnce, that musjciani 
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marl them by the same letters. Hence it is that in 
church-music the women sing an ot;tave higher than 
the men, and yet imagine they are uttering the same 
sounds. Von may easily ascertain the truth of this 
by touching the keyB of a harpsichord, when you 
will perceive with pleasure the delightful accord of 
all tne notes which are just an octave distant ; 
whereas any other two notes whatever will strike 
the ear less agreeably. 
90M April, I7B0. 



LETTER V. 

Of Vniton and Ociaoei. 

You have by this time remarked, that the accord 
which musicians call an octave strikes the ear in a 
manner so derided, that the slightest deviation is 
easily perceptible. Thus, having touched the key 
mailied F, that marked f, which is an octave higher, 
is easily attuned to it, W the Judgment of the ear 
only. If the string which is to produce this note be 
ever so little too high or too low, the ear is instantly 
offended ; and nothing is easier than to put the two 
keya perfectly in tune. Thus we observe, that in 
singing the voice slides easily from one note to an- 
other, which is just an octave higher or lower. But 
were it required to pass immediately from the note 
F to the note d, for example, an ordinary singer 
mi^ht easily fall into a mistake, unless assisted by 
an mstrument. Having fixed the note F, it is almost 
impossible all at once to make the transition to the 
note d. What then is the reason of this diflerence, 
that it is so easy to make note f harmonize with 
note F, and so difficult to make note d accord with 
it < The reason is evident from the remarks already 
made ; It is this, that note F and note f make an 
octave, and that the number of vibrations of note f 
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is precisely double that of note F. in order to have 
the perception of this accord, you have only lo con- 
sider the proportion of one to two, which, a ' 



manner. You will easily comprehend, then, that 
the more simple any proportion is, or expressed by 
small aumbers, the more distinctly it presents itself 
to the understanding, and conveys to it a sentiment 
of satisfaction. Architects likewise carefully attend 
to this maxim, as they uniformly employ m their 
works proportions as simple as circumstances per- 
«iit. They vsuaUy make the height of doors and 
windows double the breadth, and endeavour 10 em- 
ploy throughout proportions capable of being ex- 
pressed by small numbecs, because this is obvious 
and grateful to the understanding. The same thing 
holds good in music : accords are pleasing only in 
ao far as the mind perceives the relation subsisting 
between the sountu ; and this relation is so much 
more easily perceptible as it is expressed by small 
numbers. Now, next to the relation of equality, 
which denotes two sounds In unison, the ratio of 
two to one is undoubtedly the most simple, and it is 
this which furnishes the accord of an octave: hence 
it is evident, that this accord possesses many advan- 
tages above every other consonance. Having thus 
explained the accord, or interval of two notes de- 
nominated by musicians an octave, let us consider 
several notes, as F, f, ^ ^ f , each of which is an oc- 
tave higher than the one immediately preceding : 
since then the interval of F from f, of f from '^ of y 
from ? of f from ^ is an octave, the interval of P 
to 7 will he a double octave, that of F to ? a triple 
octave, and that of F to f a quadruple octave. Now, 
while note F makes one vibration, note f makes 
two, note r makes four, note = makes eight, and 
note ^ makes sixteen : hence we see, that as an oc- 
tave corresponds in the relation of 1 to 9, a dau.hl«. 
D9 
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octave mnst be in the ratio of I to 4, a triple in that 
of 1 to 8, and a quadruple in that of I to 16. And 
the ratio of 1 to 4 not t>eing so simple as that of 1 
to 3, for it does not so readily strike the eye, a doU' 
ble octave is not so easily perceptible to the ear as 
a single ; a triple Is still less perceptible, and a quad- 
niplestill much less so. When, therefore, in tuning 
a harpsichord, you have fixed the note F, it is not so 
«asy to attune the double octave ^ as the single C; 
U ia Mili more difficult to attune the triple octave ^ 
and the quadruple % without rising through the inter- 
mediate octaves. These accords are likewise com- 
prehended in the term consonartce ; and as that of 
unison is moat simple, they maybe arranged accord- 
ing to the following gradations : — 

Hioritnl. 



And 80 on as long as sound ia perceptible. Such 
are the accords denominated consonanceB, to the 
knowledge of which we have been thus far con- 
dncted ; but hitherto we know nothing of the other 
Species of consonance, and Etill less of the disso- 
nances employed inmusic. Before I proceed to the 
explanation of these, I must add one remark reqieet- 
ing the name octave, given to the interval of two 
notes, the one of which contains twice the vibrations 
contained in the other. You see the reason of it in 
ihe principal stops of the harpsichord, which rise by 
seven degrees before you arrive at the octsre C, D, 
F., F, G, A, B, c, so that stop c is the eighth, reck- 
oning C the firat. And this division depends on a 
certain aeriea of musical intervals, the nature of 
which shall be infolded in the following Letten. 

ad May, neo. 
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Of other Consonance). 

It mav be alfirmed, that the relations of 1 to 3, of 
1 to 4, of 1 to 8, of 1 to IB, which we have hitherto 
considered, and which contiLin the progression of 
octaves, are all formed by the number 2 only ; since 

4 is 2 times 2 ; 8, 2 times 4 ; 16, 3 times 8. Were 
we to admit, therefore, the number 3 alone into 
music, we should arrive at the knowled^ of only 
the accords or consonances, which musicians call 
the single, double, or triple octave ; and as the num- 
ber 2, by its redublication, furnishes only the num- 
bers 4, B, 16, 33, 64, the one bein^ always double the 

Sreceding, all other numbers would remain unknown, 
low, ^d an instrument contain octaves only, as the 
notes marked C, c, t, & f > and were all others ex- 
cluded, it coidd not produce an agreeable music, on ac- 
count of its too great simplicity. Let us introduce, 
then, together with number 3, the number 3 like- 
wise, and observe what accords or consonances would 
be the result. The ratio of 1 to 3 presents at once 
two sounds, the one of which makes 3 times more 
vibrations than the other in the same time. "nUs 
ratio is undoubtedly the most easily to be compre- 
hended, next to that of 1 to 3 ; it will, accordingly, 
furnish very pleasiog consonances, but of a nature 
totally different from that of octaves. Let us sup- 
pose, then, that in the proportion of 1 to 3, number 
1 corresponds to note C ; since note c is expressed 
by numijer 2, number 3 [rives a sound highH" than 
c, but at the same time lower than note i which cor- 
responds to numbfiT 4. Now, the note expressed by 

5 is that to which musicians affix the lettm- |r, and 
they denominate the interval flrom c to g, afi/ik, be- 
eauae in the keys of a harpsichord ibai. o( % \& '&ia 
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fifth from c, as c, d, e, f, g. If then number ^ 
duces the sound O, number 3 will give c ; o^j^a^ 
3 givea g', number 4 the note ^ ; and note 7 siw' 
the octave of g, the number corresponding to rtw 
be 3 times 3, or 6. Rising still an octave, the sou 
1 viU correspond to a number twice greater, that 
13. All the notes with which the two numbers 
and Sfumiah us, indicating noteC by I, therefore, an 
C. c, g, 7, i % t \ 

1, s, 3, 4, e, 8, 13, le. 

Hence it is clear, that the ratio of 1 to 3 eipressei 
an interval compounded of an octave and a Bfth; 
and that this interval, on account of the simplicity of 
tiie numbers which represent it, must be, next to the 
octave, the most grateful to the ear. Musicians 
accordingly assign the second rank among conso- 
oances to the finti : and the ear catches it so easily, 
that there is no difficulty in tuning a fiUh. For this 
reason, in violins, the four strings rise by fifths, the 
lowest being g, the second i, the third 1, and the 
fourth = ;* and every musician puts them in tune by 
the ear only. A fifth, however, is not so easily 
tuned as an octave ; but the fifth above the octave, 
as from C to g, being expressed by the proportion of 
1 to 3, is more perceptible than a simple fifth, as 
from C to G, or from c to g, which is expressed by 
the propoition of 3 to 3 ; and it is likewise known 
by experience, that having fixed the note C, it is 
easier to attune to it the higher fifth g than the sim- 
ple G. If unity had marked the note F, Dumber 3 
would mark the note i , so that 
T,t,i-t%% z would be marked by 
I, S, 3, 4, 6, 8, 13, where, from f to 7 the inteml 
is a fifth, in the relation of 3 to 3 ; from 7 to | from 
1 to ^ aro also fifths, as the ratio of 4 to 6, and of 8 
to IS, is the same as that of 3 to 3. For if two 
strings perform, in the same time, the one 4 vibra- 
tions, the other 6, the ftvmer string will make, in & 
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time equal to half the first space of time, two vibra- 
tiona ; and the second, in the same time, will maks 
three. Now the sounds emitted from these strings 
are the same in hoth cases ; of consequence, the re- 
lation of 4 to e expresses the same interval as that 
of 3 to 3, that is, a fifth. Hence we hare arrived at 
the knowludge of another interval contained in the 
ratio of 3 to 4, which is that of r to 1; and conse- 
quently also, of c to f, or of C to F. Musicians call 
it a fourth; and be inc expressed by greater numbers, 
it is not so agreeable, by a great deal, as the fiflh, 
and still less so than the octave. Number 3 having 
furnished us new accords or consonances, namely, 
the fifth and the fourth, before we call in anv others, 
let US take it again three times, in order to have the 
number 9, which will give a higher note than note 
S, or ■; one octave and one fifth. Now, i is the oc- 
tave of 7, ajidi the fifth of 1 ; number 9 then gives 
the note ^, so that %!.% ^will be marked by 

6,8,0,12; and if these notes be 
taken in the lower octaves, the relations remaining 
the same, we shall have, 

C, F, G; c, f, g; c, ?, g; c, 7, g; c, 

B, S, 9; 13,16,18; 34,33,36; 48, 64,73; 96; 
which leads us to the knowledge of new intervals. 

The fitst is that of F to G, contained in the ratio 
of 8 to 9, which musicians call a Meeond, or laae. 
The second is that of G to f, contained in the ratio 
of 9 to Id, called attventh; and which is onesecMid, 
or one tone less than an octave. These proportions, 
being already expressed by very great nnmbers, are 
not reckoned among the consonances ; >nd musi- 
cians call them diitonancu or dUcord*. 

Again, if we take three times the number 9, ot 
87, it will mark a tone higher than 7 , aod precisely * 
fifth higher than g; it will be accordingly the tone 7, 
and its octavo < will correspond to twice the anm* 
ber 37, or 64, and its double octave f to twice the 
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nnmber 54, or 108. Let us represent these to 
some octaves lower, in the manner following: 
C, D, F, G; c, d, f, g; c, d, i 
84, 27, 32, 36 ; 48, 64,^ 64, 72 ; 96, 108, t 

mm a a ss s 3 

g; c, d, f, g; c. 
144; 192, 216, 256, 288; 384. 

Hence we see, that the interval from D to F 
contained in the ratio 27 to 32, and that of F to d ^ ^ : 
the ratio of 32 to 54, the two terms of which ai^ ^ 
divisible by 2 ; and then, in place of this relatioi^^ 
we have that of 16 to 27. The first interval is callec^* 
a tierce minora or lesser thirds and the other a greater 
sixth. The number 27 might be still further multi- 
plied by 3 ; but music extends not so far, and we 
limit ourselves to number 27, resulting from 3 mul- 
tiplied three times by itself : other musical tones still 
wanting are introduced by means of number 5, and 
shall be explained in my next Letter. 

U May, 1760. 



LETTER VII. 

Of the Twelve Times of the Harpsichord. 

The present subject of my correspondence with 
your highness is so dry, that I begin to apprehend it 
may be growing tiresome. That I may not waste 
too much time on it, and be relieved from the neces- 
sity of recurring frequently to a topic so uninterest- 
ing, I send you by this conveyance three Letters at 
once. My mtention in undertaking it was to render 
visible the real oriffin of musical notes, with which 
musicians themselves are almost totally unac- 
quainted. It Is not to theory they are indebted for 
the knowledge of all these sounds, but rather to the 
secret power of genuine harmony, operating so effi- 
caciously on their ears, that they nave been con- 
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strained, if I may be allowed to say it, to receive 
tones actually in use, though they are not hitherto 
perfectly agreed respecting their just determination. 
The principles of harmony are ultimately reducible 
to numbers, as I have demonstrated ; and it has been 
remarked, that the number 9 furnishes octaves only, 
so that having fixed, for example, th^ note F, we are 
conducted to thenotesf,5gf. The number 3 after- 
ward fumiahea C, c, ^ g f , which differ one fifth from 
the preceding series ; and the repetition of this same 
numl>er 3 fumiahes again the fifths of the first, 
namely, G,g,i f f ; and finally, the third repetitioa 
of this nianber 3 adds further the notes D, d, j; £ ?• 
The principles of harmony then, being attach^ to 
umplicity, seem to forbid our pushing farther the 
repetition of miraber 3; hitherto, accordingly, we 
have only the following notes to each octave : 
F, G, c, d, f, 

16, 18, 94, 37, 33 i which certainly would not fur* 
nish a very copious music. But let us introduce, in 
addition to these, number 5, and observe the tone 
which shall emit five vibrations while F emits only 
one. Now f makes two vibrations in the same time 
1 makes four, and f six. The note in question, then, 
is between -; and f. It is that which musicians in> 
dicateby letter Tithe accord of which with note ^ is 
denominated a greater third, and is found to produce 
a very agreeable concord, being expressed by the 
very simple ratio of 4 to 5. Further, note j with 
note f produces an accord contained in the ratio of 
5 to e, which is almost as agreeable as the former, 
and which is denominated a leiier third, represented 
by the ratio of 27 to 33, and its difference from the 
first is almost imperceptible to the ear. This same 
numl>er S being applied to the other notes, G, c, d, 
will give us, in like manner, their greater thirds, 
taken in the second octave below, that is to say, tlie 
notes i; g and f, which, being transposed, will gire 
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Fb, 



f. 



I9B, 136, 144, 160, ISO, 193, 216, 240, 956. 
Take away the notes Fb, and you will have the 
principal touches of the haipeichord, which, accord- 
ing to the ancieats, constitute the g'emis denominated 
diatonic, leaultihg from number '2, from number 3, 
thrice repeated, and from number 5. Admitting 
these sounds only, we are in a condition to compose 
harmonies very agreeable and various, the beauty 
of which ia founded on the simplicity alone of the 
numbers corresponding to the notes. Finally, upon 
applying a second time the number 5, we shall be 
furnished with the thirds of the four new tones. A, 
E, B, Fa, which we have just found, we shall have 
the notes, Cs, Gs, Ds, and B, bo that now the octave 
ia completed of the 19 tones received in muBic. All 
these tones derive their origin from the three num- 
bers 3, 3, and S, multiplying 2 by itself, aa oflen aa 
the octaveB require ; out we carry the nuiltiplicalion 
of 3 only to the third stage, and of 5 t« the second. 
All the tones of the first octave are contained in the 
following table, in which you will sec how the funda- 
mental numbers, 3, 3, and 5, enter into the compoai- 
tion of those which express the relation of these notes. 



nt or C 


2,9,9.2,3,9,3,3 . . . 


384 


ut ii Cs 


3, 3, 2, 9, 5, 6 


400 


re D 


2, 9. 9, 9, 3, 3, 3 . . . . 


439 


re #I>s 


9, 3, 3, 5, 5 


460 


mi '^E 


3,2,3,3,9,3,5 . . . . 


480 


fa F 


2,2,2,9,2,3,2,2,9 . . 


512 


fa # Pa 


9, 3, 3. 3, 3, S 


540 


sol'' G 


9,9,3,3,3,9,3,3 . . . 


576 


80l# Gb 


9, 2, 9, 3, 5, 5 


eoo 


la A 


9,2,2,2,2,2,2,5 . . . 


640 


si b. Bh 


3,3,3,6,6 


675 


sin BH 

ut c^ 


2,8,9,2,3,3,6 , . . . 


730 


3,3,3,3,9,3,3,3.3 . . 


768 
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While note C makes 384 vibrations, the tone Cs 
gives ICMJ, and the others as many as are marked by 
their CDrreaponding numbers ; note c will give, then, 
in the same time, double the number of vibrations 
marked by 3B4, that is 768. And for the followin)( 
octaves,.you have only to multiply these numbers by 
3, by 4, or by 8. Accordin(r|y,note - will e'lve twice 
768, or 1536 vibrations: note f twice 1536, or 3073 
Wbrations: and note t twice 3072, or 6144 vibrations. 
In order to comprehend the formation of sounds by 
means of these numbers 3, 3, and 5, it must be re- 
marked, that the points placed between the numbers 
in the preceding immber sii;nify that they are multi- 
plied into each other; thus, takine- the tone Fs, for 
example, the expression 2, 2, 3, 3, 3, 5, signifies 3 
multipli"-!! by 2, that producl by 3, that again by 3, 
that again by 3, and that by 5. Now 2 by 2 make 4, 
that by 3 make 12. that by 3 make 36, that by 3 make 
108, and that by 5 m:ikc 540. Hence it is seen that 
the differences between these tones are not equal 
among themselves ^ but that some are greater, and 
others less. 'Phis is -what real harmony requires. 
The inequality, however, not beinii considerable, we 
commonly look on all these differences as equal, 
denominating the interval from one note to another 
semitone ; and thus the octave is divided into 19 temi- 
lone). Many modem musicians make them equal, 



the effect is the same as if these tones were not per- 
fectly in tune. They likewise admit, that we must 
give up exactness of^ accord in order to obtain the 
advantageofequalityof semitones, so that the trans- 
position from any one tone whatever to another may 
in no respect injure the melody. Tliey acknowledge, 
however, that the same piece played in the tone C 
or a half-tone higher, that is Cs, must considentbl} 
affect its nature.' It js evident, therefore, that in 
fact all semitones are not equal, whatever efforts 
Vol. I.— E 




00 OF TBI rUAaVBB DBKiriD 

may be made by musiciaiu to render tbem sn 
because tnie harmony resists the execution of a i 
sign contradictory to its nature. Such, then, is 1 
real oriein of the niusical notea already in uae ; tin 
are den*od from the Dumbera 3, 3, and 6. Were « 
fitrther to introduce number 7, that of the tones ( 
an octave would be increased, and the art of mual 
carried to a higher de^ee of perfection. But ben 
the mathematician givea up the musician to tin 
direction of his ear. 
3^ May, 1760. 

LETTER Vin. 

ty tht FUtuure dertPtd from fine Mutic. 

It ifl a question as important as curious, whence U 
it that a fine piece of music excites a sentiment or 
pleasure T The learned differ on this subject. Some 
pretend that it is mere CRprice, and that the pleasure 
produced by muaic is not founded on reason, becauBO 
vhat is grateful to one is dispustiiig' to another. Far 
from deciding the question, this renders it only more 
complicated. The very point lo' be determined is, 
how comes it thai the same piece of music producea 
effects BO different, since all admit that nothing hu). 
pens without reason' Others maintain that the 
pleasure derived from line music consists in the per- 
ception of the order which pervades it. This opinion 
appears ai first sight sufficiently well founded, and 
merits a more attentive examination. Music pre- 
sents objects of two kinds, in which order is essen- 
tial. The one relates to the difference of the sharp 
or flat tones; and you will recollect, that it consists 
in the number of vibrations performed by each nate 
in the same time. This difference, which is percep-' 
tible between the quicluiess of the vibrations of ul 
' BouodSi ia wbat is properly called harmony. The ' 
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pose it, is the production of haimony. Thus, two 
notes which differ aji octave excite a perception or 
the relation of 1 to 3 ; a fifth, of that of 3 to 3 ; and 
a greater third, of that of 4 to 6. We camprehead, 
then, the order whichis found in harmony, when we 
know all the relations which pervade the notes of 
which it iq composed; and it is the perception of the 
ear which leads to this knowledge. This perception, 
more or less delicate, determines why the same 
harmony is felt by one, and not at all by another, es- 

Kcially when the relations of the notes are expressed 
somewhat greater numbers. Music contains, be- 
sfdes harmony, another- object equally ausceptibie of 
order, namely, the mtasure, by which we assign to 
every note a certain duration ; and the perception 
of the measure consists in the knowledge of this 
duration, and of the relations which result from it. 
The drum and lymtial furnish the example of a music 
in which measure alone takes place, as all the notes 
are equal among themselves, and then there is no 
harmony There is likewise a music consisting 
wholly in harmony, to the exclusion of measure. 
This music is the choral, in which all the notes are 
cf the same duration ; but perfect music unites har- 
mony and measure. Thus the connoisseur who hears 
M pieoe of music, and who comprehends, by the 
Bcttte perception of his ear, all the proportions on 
which both the harmony and the measure are 
founded, has certainly the most perfect knowledge 
possible of that music : while another, who perceives 
these proportions only in part, or not at all, under- 
■lands nothing of the matter, or possesses at most 
« very slender knowledge of it. But the sentiment 
of pleasure excited by fine music must not be con- 
founded with the knowledge of which I have been 
^waking, thoueh it may be confidently affirmed, that 
a piece of music cannot tiroduce any, unless tha 
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relations of it are perceived. For this knowl^^ ^ 
aloue is not sufficient to excite the sentiment ^ 
pleasure ; something more is wanting, wliich no oa 
hitherto has unfolded. In order to be convincei 
that the perception alone of all the proportions of t 
piece of music is insufficient to produce pleasure, 
you have only to consider music of a very simple 
construction, such as goes io octaves alone, m which 
the perception of proportions is undoubtedly the 
easiest. Such music would be far from conveying 
pleasure, though you might have the most perfect 
knowledge of it. It will be said, then, that pleasure 
requires a knowledge not quite so easily attained — 
a knowledge that occasions some trouble ; which 
must, if I may use the expression, cost us something. 
But, in my opinion, neither is this a satisfactory so- 
lution. A dissonance, the relations of which are 
expressed by the highest numbers, is caught with 
more difficulty ; a series of dissonances, however, 
following without choice, and without design, can- 
not please. The composer must therefore have 
pursued in his work a certain plan, executed in real 
and perceptible proportions. Then a connoisseur, on 
hearing such a piece, and comprehending, besides 
the proportions, the very plan and design which the 
composer had in view, will feel that satisfaction 
which constitutes the pleasure procured by exquisite 
music to an ear accustomed to relish the beauties 
and delicacies of that enchanting art. It arises, 
then, from divining in some measure the views and 
feehngs of the composer, whose execution, when 
fortunate, fills the soul with an agreeable sensation. 
It is a satisfaction somewhat similar to that which 
is derived from the sight of a well-acted pantomime, 
in which you may coi^ecture, by the gesture and 
action, the sentiments and dialogue intended to be 
expressed, and which presents besides a well- 
digested plan. The enigma of the chimney-sweeper, 
which was so diverting to your highness, furnishes 
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io« with another ezceflent compariBon. When yon 
can gueas the seose, and discover that it is perfectly 
expressed in the proposition or the enigma, you feel 
a very sensible pleasure on making the discovery ; 
but insipid and incongruous enigmas produce none. 
Such are, if I may be permitted to judge, the true 
principles on which decisions respecting the excel- 
lence of musical compositions are founded. 
6th May, 1760. 



Comprettion of tht Air. 

The explanation of sound, which I have had the 
honour to present to your highness, leads me for- 
ward to a more particular consideration of air, 
which, being susceptible ofamovfement of vibration, 
•uch as that by which musical stringa, bells, and 
other sonorous bodies are agitated, transmits the 
concussion to our ears. It will be immediately 
asked, what is air 1 For it does not appear at flrat 
Bight to be a material sulratance. As we perceive 
no sensible body in it, surrounding apace seems to 
contain no matter whatever. We feel nothing; we 
can walk, and move every hmb in it, without expe- 
riencing the slifthtest obstacle. But you have only 
to move your hand briskly to be sensible of soma 
resistance, and even to perceive a stream of wind 
excited by that rapid movement. Now the wind is 
nothing else but air put in motion ; and seeing it ia 
capable of producing effects so surprising, how is it 
possible to doubt that air ia a material substance, 
and consequently a body > For the terms ioJy and 
matter are synonymous.* 
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Body is divided into two great classes, solid and 
fluid.* The air, it is evident, must be referred to the 
class or fluids. It has several properties in com- 
mon with water; but it is much more subtile and 
fine. ExperinientB have ascertained that air is 
about 800 time« more subtile and more rarefied than 
water ; and that if air were to be rendered 800 times 
denser than it is, it would have the same consistency 
as the other fluid, t A principal property of air, by 
which it is distinguished from other fluids, ia its 
quality or being compressed, or reduced into a 
smaller space. This is demonstrated by the follow- 
ing experiment : Take a tube of metal or glass 
AB Co Fig. 2, close Shut 
at the end A B, and open a' 
Uie other, into which is iu' 
troduced a piston P, filling i 
exactly the cavity of the 
tube. On pushing the piston inwards, when it has 
arrived at the middle E, the air which occupied at 
first the cavity A S C will be reduced one-half, 
and consequently will have become twice as dense. 
If the piston is pushed still farther in, as far as P, 
ludf-wny between D and E, the ajr will be reduced 
to u space four times smaller than at first ; and if 
you continue to drive forward the piston to G, so 
that B G shall be the half of B F, or the eighth part 
of the whole length B D, the same air which in the 
beginnio$E was expanded over the whole cavity of 
the tube will bo contracted to a spnce eif^ht times 
■ smaller. Going on in the same manner to contract 
It into a space 800 times smaller, you will obtain an 
air BOO limes denser than ordinary air. It would 




then be as dense aB water, which it would be easy 
to prove by other experiments. Hence it appears 
that air is a fluid substaDce, capiible of compression, 
■ lOr, in other words, of beinu reduced to a smaller 
apace ; and in this respect it differs entirely from 
water. For let the tube A B C D be filled with this 
last fluid, and attempt to introduce the piston, you 
will find it impossible to drive it forward. Employ 
what force you may, you will gHJn iiolliiiig; the 
tube will burst sooner than you can reduce the water 
to a space sensibly smaller. This-then is the es- 
sential difference between air. and water : the latter 
is BBSceptible of no compression, but air may be 
compressed to any dpcree you please. The mo[;e 
Ihe air is compressed the denser it becomes: thus 
the air which occupied a certain space, when com* 
pressed or reduced to half that space, becomes twice 
AS den^e ; if reduced (o a space 10 times smaller, it 
is rendered 10 times moredense; and soon. Ihave 
already remarked, that could it be rendered BOD 
times more dense, it would then be as dense as water, 
and consequently as heavy ; for wei);ht increases in 
the same proportion as density. Gold, the heaviest 
substance with which we are acquainted,* is like- 
wise the most dense. It is found by experiment to 
be 10 times heavier than water: so that a mass of 
gold in the formf of a cube of one foot would weigh 
19 times a mass of loaier of the same dimensions. 
Now such a mass of water weighs 70 pounds ; the 
mass of trold therefore would weigh 19 times 70, 
that is, 1330 pounds. It follows, that were it pos- 
sible to compress air till it were reduced to a space 
19 times 800, that is, 15,300 times smaller, it would 
become aa dense and as weighty as gold. 

But it is very far from being possible to carry the 
compression of air to that degree. You may at first 
vithout difTiculty drive forward the piston, but the 
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farther you advance, the resistance becomes nn 
powerful ; and before you are able to reduce the i 
to a space 10 times smaUer, such a ' force must 
employed as would burst the tube, unless it wc 
of uncommon streng^th. And not only would sucl 
force be necessary to drive the pistoi> farther, b 
an equal force would be requisite to keep it in th. ^ 
state ; for on the slightest relaxation of the powe^ 
the compressed air would drive it backward. Tl^J^ 
more compressed the air is, the more violent are its., 
efforts to expand, and to recover its natural state 
This Is what we call the spring or elasticity of tha 
air, of which I propose to treat in my next Letter.. 
1(MA May, 1760. 



LETTER X. 

Rarefaction and Elasticity «f th9 Air. 

I HAVE remarked, that air is a fluid about 800 times* 
more subtile than water ; so that could water, with- 
out being reduced to vapour, be expanded over ai 
space so many times greater, and could it become 
of consequence so many times more subtile, it 
would be of a similar consistence with the air which 
we breathe. But air has a property which water 
has not, that of suffering compression into a smaller 
space, and of being proportionably condensed, as I 
demonstrated in the preceding letter. And we difr 
coyer in air another property no less remarkable-: 
it ip capable of being expanded ever a greater space, 
and thus rendered still more subtile. This opera- 
tion is called the rarefaction of air. 

You have only to take, as before, a tube A B C D^ 
Fig. 3, at the bottom of «. « 

wfich A C let there be a ^ ts ^' a 

small aperture O, so that, q«j — l i: i jy 

on introducing the piston " ^c y <:> H i > 

as far as to E F, the air 
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may escape by that aperture without being con- 
denaeil. The air which now occupies the cavity 
A C E F will then be in its natural state; let the 
aperture be closely stopped. On drawing back 
the piston, the air will gradually expand through ths 
greater space, so that when the piston is brought 
back to the point G, the space C G being double the 
space C F, ihe same air which was contained in the 
space A C E F will fill a space twice as great; it 
will be of course only half as dense, or, which is 
the same thing, twice as rare. If you draw back 
the piston to the point H, the space C H being four 
times as great as the apace C F, the air will be- 
come four times as rare as it was at first, as it is 
then expanded over a space four limes as great. 
And could the piston be drawn back till the space 
became 1000 times as gi>eat, the air would still 
equally expand through that apace, and consequently 
become 1000 times as rare. Here Ihen, likewise, 
air diifers essentially from water: for if tlie cavity 
A C E F were filled with water, to no purpose 
would you draw back the piston : the water would 
continue to occupy the same space as at first, and 
the rest would remain empty. Hence we see that 
the air possesses an intrinsic power of expanding 
itself more and more, which it exerts not only when 
it is condensed, but also when rarefied. In what- 
ever state of condensation or rarefaction the air 
may be, it makes unremitting eflbrts to extend itself 
over a larger space, and is continiiHlly expanding so 
long as it meets no obstacle. This property is 
called the elasticity of air; and it has been demon- 
strated, by experiments which I shall presently de- 
scribe, that this elastic power is in proportion to 
the density; in Other words, the more the air is 
condensed, the greater are its efforts to expand 
itaelf; and the more rarefied it is, the feebler ore 
those efforts. It will be demanded, perhaps, why the 
air uow in my chamber does not make its escai^e t^i 
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the door, beinfc endowed with an expansibility cm 
tinually impelling it to occupy a greater spuce 1 TS 
«naweT is obvious. This would infallibly happei 
did not the external air make equal elTons to ezten 
itself; but the efforts of the air of the chamber t«^^ 
cet out, and that of the external air to presa iit^ 
being equal, they balance eadi other, and remsiinini^^ 
state of rest. Had the external air accidentally ac->^ 
quired a greater degree of density, that is. more» 
^asticity, it would in part force its way into the 
chamber, where the air. being compressed, would 
likewise acquire a greater degree of elasticity; this- 
current would accordingly last till the elaslicity of 
the internal became equal to that of the external air. 
And should the air of the chamber suddenly become 
more dense, and Its elasticity ^ater than that of 
the external air, it would force its way out ; and its 
density gradually diminishing, its elasticity too would 
diminish, till it became equal to the external air: the 
current would then cease, and the air in the cham- 
ber would be in equilibrium with the external. Free 
air, then, is in a state of rest only when it baa the 
same degree of elasticity with that which surrounds 
it; and as soon as Ihat«f the one tract becomes 
more or less elastic than the adjoining, the equi- 
librium can no longer subsist; but if the elasticitv is. 
^eater, the air will expand itself, and slide mto, 
spaces where it is smaller: and from this motion' 
01 the air results the wind. Hence it comes to pass 
that the elasticity of the air is sometimes greater, 
sometimes less, in the same place ; and this variationi 
is indicated by the barom^itr, the description of: 
which merits a p^ticular consideration. 1 coniine- 
myself at preseut to these qualities of air, its ton- 
Jmtation and rarefactioK, entreating you to recollect,': 
that the more condensed it is, the greater power of' 
expansion or elasticity it acquires: and that, on- 
the contrary, the more it is rarefied, the more this 
quality is dimimabed Experimental philoaophem 
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hsve invenUd one machine for rarefying air, and 
another for condensing it : the former ia eaHed the 
air-pumpi the latter the condemgr. These niachine& 
aerre to perform many curioua experiments, with 
which you are already well acquainted. I reserve 
to myself, however,, the liberty of recapitulating^ 
some of them, because they are necessary to eluci- 
date and explain the natinre and properties of air, 
which, as they powerfully contribute to the prea- 
, ervation of animals, and the production of phmts, 
press upon os the importance of forming a iost idea 
of them. 

UM Sioff, 1760. 



Qraiiity of the Air. 

I HAVE endeavoured to demonatrate that the air 
is a fluid, endowed with the particular property of 
suflering compression into a smaller space, and of 
expandiuf; into a greater, when no ottstacle inter- 
poses. This property of air, known by the name of 
spring, or elasticity, from its resemblance to a spring, 
which it requires an effort to unbend, and which re- 
sumes its form as soon as the effort ceases, is accom- 
panied bv another, in common to it with all bodies 
in general, namely, gravity or weight, in virtue of 
which all bodies tend towards the centre of the earth, 
and by which they are under the necessity of falling 
down, unless supported. The learned are very muen 
divided, and very uncertain, respecting the primary 
and mechanical cause of this power ; but its exist-' 
ence is indubitable. D^ily experience evinces it. 
We know even the quantity of it, and can measure 
it exactly. For the weight of a body is nothing else 
but the power which constrains it to descend ; ami 
as the weight of every body may be exactly me.ts- 
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ured, we know perfectly well the effect of (fravity, 
though the caiiec, or thiil iiivisibli' power which nets 
upon all bodies, forcing them to descend, may be 
absolutely unknown to us. It follows, that the more 
matter any body contains, the heavier it is. Gold 
and lead are heavier than wood or feathsrs, ae they 
contain more matter in tlie same b:ilk,or in Ihe same 
extent. But as air is a very subtile and thin sub- 
stance, and its errtvity of consequence .very litlle, this 
Eroperty usually escapes our senses. Kxperiments, 
owever, may be made capable of producing full 
conviction that ii possesses uravily. You have seen 
liow the air may be rarefied in a vessel or a tube; 
and by means of the air-pump, tliis rarefaction may 
be carried so far as almost entirely lo exhaust the 
air, and to leave the receiver sensibly a vacuum. 
Or you may nifikc a lube p. , 

A B C D. Fig. 4, into which ^ =' ' 

youintrodncc theplstori F K, -'i\-\ ^ J 5 

BO as perfectly to touch the '^l : — ■"□^^^ 

bottom', anil to leave no air 

between the two Burfaces. To perform the experi- 
ment with more advantajre, Ipl there be at the bot- 
tom of the tube a tittle aperture (i, through which 
the air may escape as the piston is pushed forward. 
Let the aperture then be closely slopped, that not a 
particle of air may be included between the piston 
and the bottom of the lube. Having made this ar- 
rangement, draw back the piston ; and the external 
air not being able to force its way into the tube, 
there will remain between the boitoni of the tube 
and the piston a perfect vacuum, which may be in- 
creased at pleasure by contiimins to draw back the 
piston. You may thus exclude llie air contained in 
a vessel ; and such vessel, reduced to a vacuum, 
being tried in accurate scales, will be found to weigh 
less than when filled with air. Hence we deduce 
this very important coTiclusion, that the air con- 
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tuned in on «mptv veisel* increases iU wei^t, sod 
Uut the air iuelf possesses gravity. Were tha 
vessel large enough to contain ^ pounds weight of 
water, we pi^ht discover by this experiment tliat 
the body of air which fills it would weigh nearly 
one pound. Hence we conclude, that air ia 800 
times lighter than water. I muat be understood oa 
speaking of the common air which surronnds us, 
and which we breathe ; for you know, that with the 
assistance of ait, air may be cornpressed by forcing 
it into a smaller apace, and its gravity thereby in- 
creased. Were the vessel which I have mentioned 
to be filled with air compressed to twice the con- 
aistence of common air, it would weigh two pounds 
more than when empty. Were it filled with air 
800 times more compressed ihan common air, it 
would weigh 800 pounds more than when empty, 
that is, as much as if it were filled with water. 
The air, then, possessing a certain degree of gravity, 
though in the natural state of this fluid its gravitr 
is extremely small, it must, however, as well as all 
other bodies, tend towards the centre of the earth, 
and consequently it presses on every thing which 
opposes this tendency. For this reasoQ the superior 
air presses downward on the inferior, and this last 
undergoes a compression from the weight of the 
whole mass of air which is above it. Hence it 
comes to pass, that in these regions the air has a 
certain de^e of compression or density, which is 
the effect of the gravity of the Huperlor air ; and that 
if the superior air had more or less gravity, the air 
which surrounds us would likewise become more or 
less dense. It is thus that the air below supports 
the weight of the superior air, and that the more w« 
ascend the more it loses its density, and rarefies; 
so that were it possible to continue to ascend, the 
air would at length be totally lost, or would becom* 
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SO subtile and so rarefied as to be no longer percep- 
tible. Were you to descend, on the contrary, into 
a very deep pit, you would find the density of the air 
continually increasing, from the increase of the mass 
of air pressing downward upon it 
nth May, 1760. 



LETTER XII. 

Of the Atmosphere, and the Barometer. 

Hatiho demonstrated that air is a fluid, elastic, 
and possessed of gravity, 1 proceed to remark, that 
the earth is surrounded on all sides by this fiuid, and 
that the space which it fills is called the atmozphcre. 
It would be absolutely impossible for a perfect 
vacuum to exist on any part of the earth's surface ; 
for the air of the adjoining regions, compressed by 
the weight of the superior air, and making incessant 
efforts to dilate, would force itself into the empty 
space and fill it. The atmosphere, therefore, occu- 
pies the whole region which surrounds the earth ; 
the inferior air is continually compressed by the 
weight of the superior air, and that until the degree 
of Mastic ity which results from this compression is 
able 10 form an equilibrium to the compressing power. 
Then, although this air is compressed only in a 
downward direction, it produces, in virtue of its 
elasticity, efforts to expand itself, not only down- 
wards, ^t sideways also. For this reason, the air 
in a chamber is as much compressed as the external, 
which appeared a paradox to certain philosophers ; 
for they reasoned thus : In a chamber, the inferior 
air id corofiresscd only by the small quantity of su- 
perior air included in that chamber; whereas the 
external air is compressed by the weight of the whole 
atmosphere, the height of which is iinmense. But 
the difficulty is at once removed, by the property 
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which air 
pressed tt 

oer is at first reduced by the external air to tho 
same degree of compresaion and elasticity with 
itself; hence, whether 1 am in my chamber or in the 
open air, I feel the same compression ; beinff always 
unilerstood, tliat I mean at the same height, or at 
the same distnnce from the centre of the earth. For 
I have already remarked, that on getting to the sum- 
mit of a high tower, or of a lofty mountain, the 
compreaaion of the air is less, because the weight 
of the Hupp.rinr air ia then diminished. Various 
phenomena coofinn this atate of the compreasion 
of the air. 

Take, for instance, Fi^. 5, a tube A B, close 
at the end A, and having filled it with water, '^ 
or ai^y other fluid, invert it so that the open " 
end B may be undermost, and you will find 
that the fluid does not run out.* The elas- 
ticity of the air acting at B, in opposition to 
the fluid, supports it in the tube. But if you 
make an aperture into the tube at A, the fiuid 
immediately descends ; the air which is ad- 
mitted by the aperture acta then from above, 
by its pressure upon the water, and forces it 
downward ; which demonstrates, that while 
the tube was close at top, it was the external air 
wliich supported the water in it. And were such a 
tube to be placed in a receiver, from which the air 
was extracted by the air-pump, the fluid would in- 
stantly descend. The ancients, to whom this prop- 
erty of air was unknown, alleged that nature sup- 
ported the water in the tube, from the horror which 
it has of a vacuum. For, said they, were the fluid 
to descend, there must be a vacuum at the upper 
end of the tube, as the air could find no admiasion 
into it. According to them, therefore, it was the 
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horror or ■ TBcunm which kept the fluid eiiBpend«d 
in the tube. It ia now demon strxted, that it is the 
force of the air which supports the weight of the 
fluid in the tube ; nnd as this force has a deleraiinate 
quantity, the effect cannot exceed a certain Umit. 

It ie found hy experiment, that if the tube A B is 
more than 33 feel in len^h, water will no longer 
remain suspended in it, but will run out till it comes 
to the height of 33 feet ; the space leA at the top 
will, of course, be a real vacuum. The force of the 
air then cannot support water in the tube at more 
than the height of 33 feel ; and as the aame force 
aapports the whole atmosphere, it is concluded that 
a column of the atmosphere ia of equal weight, the 
bHSe beinp equal with a column of water 33 feet 
high. If, instead of water, you were to use mercnry, 
which is 14 times heavier, the force of the air could 
support it in the tube at the height of only SB inches ; 
and if yon go beyond that, the mercury descends till 
its height corresponds to the pressure of the atmo- 
sphere, leaving the space at the top of the tube a 
Tacuum. Such a tube, close above and open below, 
being filled with mercury, forms the instniment 
called the barometer, by means of which it has bemi 
discovered that the atmosphere is not always of 
equal gravity. For its real gravity is ascertained l^ 
the bwometer from the height of the mercury, 
which, as it rises or falls, indicates that the densi^ 
of the air, or the pressure of the atmosphere n 



LETTER XIU. 

(yAir-Omt,anJlhtComprttsumo/AirinOvitp«t»dtr. 

Having explained that remarkable property of air 
irtiich is denominated compressibility, by meaas of 
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which it is reducible into a smaller space, we an 
enabled to give an account of several productions or 
boUi nature and art. I shall begin with an esplana- 
tion of the air-f^rt, though I have no doubt but you 
sre well acquainted with that instrument. Its con- 
structiun is similar to that of the common ^n ; but 
instead of powder, we employ condensed air to dis- 
charge the bullet. 

In order to comprehend the process of this opera- 
tion, it jnust be observed that air can be comtHressed 
only by a force proportional to the degree of con- 
densation which you wish to obtain ; in this state it 
strives to extend itself, and the efforts which it makes 
are precisely equal to the force necessary to reduce 
it to the size which it actually occupies. The more, 
then, that the air is condensed, the more violent are 
its eiforts to dilate ; and if the air is raised to a den- 
sity twice as great as when it is free, which is the 
case when we reduce it to half the space which it 
occupies in its natural state, the force with which it 
endeavours to expand is equal to the pressure of a 
column of water 33 feet high. Figure to yourself 
a ^reat cask of Ibis height filled with water; this 
fluid will undoubtedly make a stronger pressure on 



considerable violence ; and o 
with your finger, you will be 
this pressure of the water. The bottom of the cask 
sustains tliroughout a similar pressure. Now a ves- 
sel containing ajr twice as dense ss that of the atmo- 
sphere must undergo precisely such a pressure ; and 
it it were not sufficiently strong to sustain it, would 
burst. The sides, then, of this vessel must be as 
strong as the bottom of the cask I have mentioned. 
If in the same vessel the air were three times as 
dense as common air, the force with which it would 
act upon the sides must be increased In the propor- 
tion of one more, and would be the same which is 
P3 
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sustained by the bottom of a cask full of water of 66 
feet in height. You will easily conceive that this 
force must be very great, and that it must go on in- 
creasing in the same ratio, according to the different 
degrees of condensation of the air. This being laid 
down, there is at the bottom of the air-gun a cavity 
strongly fortified on all sides, into which the air is 
more and more compressed, in order to reduce it to 
as high a degree of density as the force employed 
for that purpose can admit. The air confined in this 
cavity will thereby acquire a prodigious power to 
force itself out ; and if an aperture is made, it will 
fly off with a velocity proportional to that power. 
Now there is such an aperture, which terminates in 
the cavity of the tube into which the ball is put. It 
is closely stopped ; but when you wish to discharge 
the piece, you open, for an instant, the valve which 
shuts it ; and the air, rushing forth, forces out the 
Ml with all the velocity which we remark in shoot- 
ing. Every time you discharge the valve is kept 
open only a single moment ; a certain quantity of 
air, therefore, and no more, can escape, and enough 
stiU will remain for several shots. But on discharge, 
its density and corresponding elasticity diminish; 
and for this reason, the latter discharges are less 
forcible than the former, till the force is at length 
entirely exhausted. Were the valve to remain open 
any considerable time, more air would make its 
escape, which would all go to waste ; for this force 
acts upon the ball only while it is in the barrel of 
the gun ; as soon as it is shot off, it is useless to 
leave a passage for the air. Hence it appears, that 
were it possible to carry the condensation of this 
fluid a great deal farther, you would produce from 
the wind-gun the same effects as from the guns 
and cannons in common use.* 

* Alr-fTont are now CAnstnicted so as to be used with an eflbet neatly 
•qoal 10 a common fowling-piece, but the accuracy necenary to ihirii 
oaiMCnMtion, rendora them too expenaive and titmUeaoma to be Mb 
KUntod Ibr oommon moakela.— jlm. Ed, 
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The effect of luiilleiy is nccerdingly fonnded on 
the same principle, Gunpovderis only & substance 
which contains in its pores an air extremely con* 
densecl. Nature produces here the same operHtiona 
which we employ for compressing the air, but car- 
lies the condensation to a much higher de^free. AU 
that is necessary is to open the little cavittea in 
which this dense air is confined, that it may have 
Kberty to escape. This is performed by means of 
lire, which bursts open these little envelopes : the 
air then suddenly Oiea off with incredible velocity, 
and forces before it bullets and balls in a manner 
entirely similar to that which we have remarked in 
the case of the wind-gun, but with much greater 
impetnosity. Here, then, are two very Burprising 
eflects produced from the condensation of air, with 
this single difference, that in the one it is the work 
of art, and in the other that of nature. We tee 
tiierefore in this, as in every thin^ else, how infi- 
nitely the operations of human skill are aurpasaed 
by those of nature." 

»*lk May, 17«0. 



LETTER XIV. 

l%t Effect produced by Heat and Cold on oU Bodies, 
and of the Pyrometer and ThermomettT. 

Bcsuns the properties already mentioned, air has 
another very remarkable quality in common to it 
with all bOHlies, not excepting such as are solid; I 

* Tbt MMHl hart |inD oT Uia ulnn of cnniiomla', iDt oT Ikt 
t&BA Of nn Sinn n !■ nry htsimim. Air U nm tmjirlBiHd. ■■ Ik* 
ultstnniMHl.lnlke pm* «r UttpoodM. Tba uplMii efet of 
fin^wMr to DwlR| id tba wildHi conwrvlon ot lib BtU pAitleJis or 
inlM IMS <)Hili aln or ■■■■• bj Uw mull at tm. In wiiwq u tnc* 
sT mtMt U npuda Inu mni Uuamiil tUnca Itn Ibniiar bulk. TM 
■mm s( il» iHM iliin niiuly Amiail nn b* uKtetiuod Miy tij *■ 
Nunikn Id ilH oDmimiUM at ibi powtir ud Uia tliTmml ikiiiiH 
vUek n \aiintq» by hiu.— ^ni. AL 
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mean th« change produced on it by heat and cold. 
It is observable, in k^dci^i that idl bodies, being 
healed, dilate or increase ia size. A bar of iron 



made very hot, is somewhat longer and thicker than 
when it is cold. There is an instrument called the 
pyrometer, which accurately indicates the slightest 
differences or length or shortness that a bar of iron 
undergoes to which it is applied. You know that 
in a watch aonie of the wheels move very slowly, 
though they communicale motion to others which 
revolve wiUi considerable rapidity. By a similar 
mechanism it is possible, from a cnange almost im- 
perceptible, to produce one very couiiiderable, as is 
^he case of the pyrometer, which 1 have just men- 
tioned, ll has an index, which runs over a very 
considerable space, on the slightest change produced 
in the length of the body on which the experiment 
isAiade. On applying this Instrument to a bar of 
iron, or any other metal, placed over a burning lamp, 
the index is immediately put in motion, and shows 
that the bar is becoming longer ; and as the heat 
increases, the bar likewise increases in length. But 
on extinguishing the lamp, and Ihe bar growing cold 
again, the index moves in a contrary direction, and 
thereby shows that the bar is ^wing shorter. The 
dilTerence, however, is so slight, that without the 
help of this instrument it would be difficult to per- 
ceive it. Yet this variation is abundantly percepti- 
ble in the motion of pendulum time-pieces. The 
use of the pendulum is to regulate the motion. If 
you lengthen it, the clock goes slower; and if you 
«hortenit,theclock goes faster. Now it is remarked, 
that in very hot weather all clocks lose time, 
and propurtionably gain it in very cold weather ; 
which clearly demonstrates that the pendulum is 
lengthened or shortened, according to the temper^ 
turc of the air. 




snbtrtance of which they are composed. In flnids, 
especially, this variability is very perceptible. To 
ucertain it, take a glase tube, D C, Pig. 6, r. . 

gned at the end B to a hollow ball A, and ■"?"• 
It be filled with any liquor you please 
to M. Onheatingthe ball A, the liquor v 
rise Arom M towards C ■, when it becomes ' 
cold Bffain, the liquor will fall towards B. 
This clearly proves that the same liquid oc- 
cnpies a greater apace when it is heat«d, and a 
ampler when cold. It is likewise clear, that 
this variation must be more perceptible when 
lh« ball is large and the tube narrow. For if 
the whole mass of liquor increases ordimin- I 
ishes by a thousandth part, that thousandth V 
part will occupy, in the tube, a space ^at in 
proporlioa to its narrowness. Such an instru- 
ment then is exceeding^ proper to indicate to na 
the different deKTees of'^heat and cold; for if th« 
liquor rises or falls, it is a certain indication that 
the heat is increasing or diminishing. This instru- 
ment is caUed the tMrmometer,* Which points out 
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tbe changes that take place in the temperature of 
the air, ati of the bodies that surround us. It must 
not be confounded with the barometer, whose use 
is to indicate the era^ityl" the air, or rather the 
forcewithwhichitiscompreaaed. Thiacautiouisthe 
more necessary, that the barometer and thermom- 
eter have a considerable resemblance : being both 
glass tubes filled with mercury; bui tlieir construc- 
tion and the principles on which they are founded 
arc entirely different. TTiis ijuality of bodies, ex- 
tension b^ heat and coBtraction by cold, belongs 
likewise in a very superior degree to air. I shal'. 
explain it at grea'er length in my next Letter. 
27th May, 1760. 



Cktmget produced m the Atmosphere by Heal and Cold. 

Heat and cold produce the same elTect on air as 
on every other body. Air is rarefied by heat, and 
condensed by cold. From what I have said of the 
elasticity of air, you easily perceive that a certain 
quantity of this fluid is not determined to occupy 
only a certain space, as all other bodies are ; but by 
its nature it has a perpetual tendency to dilate, and 
actually does expand itself, as long as it meets no 
obstacle. 

TTiis properly of air is denominated elasiieiiy. 
When this fluid is confined in a vessel, it makes ef- 
forts in every direction to burst it ; and Ihese efforts 
arc greater or less in proportion to its condensation. 
Hence we come to this conclusion, that the elis- 
ticity of air is in exact proportion to its density ; so 
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that when its density is doubled, its elasticity is Itke- 
wise doubled; aiid that, in general, a certain degree 
of efasticity corresponds to a proportional degree 
of density. It must be remarked, however, that this 
takes place no longer th^ui while the air preserveB 
the same degree of heat. Whenever it becomes 
hotter, it acquires greater power of expansion than 
what corresponded to its density ; and cold produces 
the opposite effect, by diminishing its expansive 
power. In order then to determine the elasticity of 
a mass of air, it is not sufficient to know its density; 
you must likewise know its dc^nee of heat, lit 
order to set this in a clear light, let us suppose two 
chambers elosely shut on all sides, bui united by a 
door of communication : and that the heat in both 
iti equal. In order to this the air in both chambers 
must have the same degree of density. For were 
the air more dense, and consequently more elastic, in 
the one than in the other, part of it would escape 
from the one, and force its way into the other, till 
the density in both were the same. But let us sup- 
pose that one of the chambers has beconie hotter 
than the other, the air thereby acquiring a greater 
elasticity, would of course force itself into the other, 
and reduce that which it found there into a smaller 
space, till the elasticity in both chambers was brought 
to the same degree. During this change there will 
be a current of air through the door, from the cham- 
ber which is more into that which is less heated; 
and when the equilibrium is restored, the air will bo 
more rarefied in the warm apartment, and more 
condensed in the cold ; and yet the elasticity of both 
will be the same. From this it clearly follows, that 
two masses of air of different densities may have 
the same elaslici^, when the one is hotter tlKin the 
other ; and this circumstance taken into considera- 
tion, it may happen, that with the same decree of 
density, they may be endowed with different degrees 
of elasticity. 
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What I have aaid of two chunbera may be appliod 
to two countries; and hence it maybe concluded, 
that when one country becomes warmer than the 
other, there must of necessity be a current of air 
from Uie one to the other ) and from this reiulta the 
wind. 

' Here, then, is one fruit Ail source of winds, thoiuh 
there are perhaps others, which consist in mf- 
ferent degrees of heat which prevail in different 
legions of the «arthi and it is demonstrable, that 
the whole air which surrounds the earth could not 
be in a state of rest unless that, universally, at equal 
heights, there were found the same de^ee, not only 
of density, but likewise of heat. And should it 
happen that there were no wind over the whole sur- 
face of the earth, it might with certaiifty be con- 
cluded that the air woi^ likewise be everywhere 
equally dense and warm at equal heights. Now, as 
this never happens, there must of necessity always 
be winds, at least in some regions. But these winds 
are, for the most part, to be met with only on the 
surface of the eartli ; and the higher you rise, the 
less violent winds are. Winds are hardly percep- 
tible at the summit of very high mountains ; there 
perpetual tranquillity reigns; from which it is im- 
possible to doubt that at considerable elevations 
the air is always in a state of rest. Hence it follows, 
that in regions remarkably elevated, there universally 
prevails all over the earth the same degree of 
density and heat ; for were it hotter in one place 
than in another, the air could not be in a state of 
rest. And as there is no wind in these elevated 
regions, it must necessarily follow, that the degree 
of heat there must be always the same; which is s 



face of the eanh, during the course of a year, and 
even of one day ; without taking into the account the 
difference of ctiinate, that is, the intolerable heat* 
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felt mkler the equator, and the dreadful cold which 
consbuitly prevails towards the poles of the earth. 
Experience itself, however, confirms the tnith of 
this aatonishing fact. The snow and ice remain 
equally, summer and wintec, on the mountains of 
Switzerland, and are equally unchangeable on the 
Cordilleras, lofty tnountaina of Peru, situated under 
the very equator, and where there perpetually reigns, 
nevertheless, a cold aa excessive aa that of uie polar 
resioas. The height of these mountains is 4} Eng- 
lish miles, or 34,000 feet. F^m this it may be 
with confidence concluded, that were it poMiNa 
for us to ascend to the height of 34,000 feet abore 
the earth, we should always meet with the MUM 
degree of cold, and that cold excessively aevera. 
.We should remark there no sensible difference dur- 
ing either SI' nmer or winter, under the equator, or 
near the poles. At this height, and still higher, ttM 
state of the atmosphere is universally, and at dl 
seasons, the same ; and the variations of heat and 
cold take place near the surface of the earth alone. 
It is only m these inferior regions that the effect <rf 
the r. ; B of the sun becomes perceptible. You have, 
undoiilitedly, some ,,uriositi to know the reason of 
this. It shall be the aubje,'. of the follgwing Letter. 
31ff May, 17e0. 

tETTEB XVI, 

The CM/elt on high JtfotmJauM and at grttU I kp U u 
accounted for. 

It appears very aurprtsine, that we should foe! the 
same degree of cold in all regions, after we hare 
risen to a certain height, say 34,000 feet; consider- 
ing that the variations with respect to heat on the 
earth, not only in different cUoiates, but in the same 
country, at dili^rent seasons of the year, ate ao pe^ . 

To. 1—0 
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coptible.' ThiH variety, which takes place at tbt 
surface of the globe, ia undoubCedlv occasioned by 
Che sun. It appears, at fiist sight, tnathis inlluencB 
must be the same abore and below, especially when 
we reflect, that a height of 34,000 feet, though very 
great with respect to ua, and even far beyond the 
height of very lofty mountains, is a mere nothing, 
compared to the distance of the sun, which is about 
ninety-aix millions of milea. This is, therefore, a 
very important difficulty, which we must endeavour 
to solve. For thia purpose I begin with remarking, 
that the rays of the sun do not communicate heat to 
any bodies but such as do not grant them a free 
passage. You know that bodies through which we 
caD discern objects are denominated tramparenl, 
ptBucid, and diaplumout. These bodies are glass, 
crystal, diamond, water, and several other liquids, 
though soime are more or less transparent than 
otheia. One of these transparent bodies being ex- 
posed to tha sun, ia not heated to -such a degree as 
s body not transparent, aa wood, iron, Ac. Bodies 
oottransparent are denominated opofue. Abuniing- 
glass, for eiampU, by transmitting the rays of the 
BUD, sets on fire opaque bodies, while the glass itself 
is not sensibly heated. Water exposed to the ana 
becomes somewhat warm, only because it is not 

terfectly transparent ; when we see it considerably 
eated by the sim at the brink of rivers, it ia because 
the bottom, being an opaque body, is heated by the 
rays which the water transmits. Now, every heated 
body communicates that heat to all adjoining bodies ; 
the water accordingly derives heat from the bottom. 
If the water be very deep, so that the rays cannot 

EiDfii. ODaacHtdlDi ioa«n«in bright *b vtIva at .v- ..__ . 

lliHl*Mlbenwi1«»liii twlfln sf JSjmtM; 1 
lit hlflu iiTSU l&n; In tin toUlud* of W> il li 
^ fnzCK ibr nrflm pr iht nnli ai tbamlun- Thr i 
lifniln [ttoocbrrutfilMvtailuiU 
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cannot be heated by the Hun, because the raya are 
flreely transmitted throiigh it. The heat which we 
frequently feel in the air ia communicated to it by 
opaqae bodies, which the raya of the sun have 
heated ; and were it possible to annihilate aJl these 
bodies, the -air would scarcely undergo any cluuige 
in its temperature by the rays of the aon: exposed 
to it or not, it would be equally cold. But the at- 
mosphere is not perfectly transparent ; it ia eTCn 
sometimes so loaded with vapours that it loses 
almost entirety its tmnsparency, and presenta only 
a thick foR. When the air is in this state, the rays 
of the sun have a more potrerful influencft upon ii, 
and heat it immediately. 

But these vapours rise to oo great height ; at th« 
height of 24,000 feet, and beyond, the air is ao sub- 
tile and so pure, that it is perfectly transparent ; and 
for this reason the nres of the aun cannot imme- 
diately produce any effect upon it. This air is like- 
wise too remote from terrestrial bodies to receive B 
commimication of heat from them ; they act only 
upon such as are adjacent. Hence you will easily 
perceive that the rays of the sim cannot produce 
any effect in regions of the air very much elevated 
above the surface of the earth : and that the same 
degree of cold must always and universally prevail 
in such regions, as the sun has no influence there, 
and as the neat of terrestrial bodies cannot be coii>> 
raunicated so far. This is nearly the case on the 
summit of very high mountains, where it is alwayii 
much colder than on plains and in valleys. 

The city of Quito, in Peru, is almost under . the 
equator, and were wo to form our judgment from it* 
situation on the globe, we would suppose it op> , 
pressed with intolerable beat; the air, however, la 
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ahandantly temperate, and differs very little from ^ 
that of Paris. Quito is situated at a greri height ^ 
above the real surface of the earth. In going to it ^ 
from the seashore you have to ascend for several 
days ; it is accordingly built at an elevation equal to 
that of our highest mountains, though surrounded 
by others still much higher, called the Cordilleras. 
This last circumstance would afford a reason for 
thinking that the air there must be as hot as at the 
surface of the earth, as it is contiguous on all sides 
to 02»que bodies, on which the rays of the sun fall. 
The objection is solid ; and no solution can be given 
but this : — ^That the air of Quito, being very elevated, 
must be much more subtile, and of less gravity than 
with us ; and the barometer, which always stands 
considerably lower, incontestably proves it. 

Air of such a quality is not so susceptible of heat 
as common air, as it must contain less vapour and 
other particles which usually float in the atmosphere ; 
and we know by experience that air very much loaded 
is poropoftionably susceptible of heat. I must here 
subjoin another phenomenon no less surprising : — In 
veiy deep pits, and lower still, if it were still possible 
to descend, the same degree of heat always and uni- 
versally prevails, and nearly for th^ same reason.* 
As the rays of the sun exert their influence only on 
the surface of the earth, and as the heat which they 
there excite communicates itself up and down, this 
effect at very great depths is almost imperceptible. 
The same thmg holds respecting considerable heights. 

%d June, 1700. 

* fc bM bMQ neentiy ftwnd, that in imotniing deep rniMs, tbe tern- 
pantnre, Inetead of being uniform, Increaeee conalderably, amoantiiui in 
■one CMM 10 about 19P of Fabnnbeit at a depth of 500 ftet.— Xd. 
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LETTER XVII. 

Of Ugkt, and Iht Sysltms of Dacarlet and NeteUm. 



HATiNa spoken of the rave of tbe sun, which are 
;he focua of all the heat and light that we enjoy, you 
will undoubtedly ask. What are these raysl This is. 



beyond ([uestion, one of the most important inquiries 
in physics, aa from it an infinite curaher of phe- 
nomena is derived. Every thing that respects light, 
uid that renders objects visible, la closely eoonected 
with this inquiry. The ancient philosophers seem 
to have taken little interest in the solution of it. They 
conteated themselves with saying that the sun is 
endowed with the quality of shining, of giving heat 
and light. But is it not worth while to inquire. 
Wherein does this quality consist 1 Do certain por- 
tions, inconceivably small, of tbe sun himself, or of 
his substance, come down to us ' Or, is the trans- 
mission similar to the sound of a bell, which the ear 
receives! though no part of the substance of the 
bell be separated from it — as I observed in explatning 
the propagation and perception of sound. 

Dtscarlei, the first of modem philosophers, main- 
tained this last opinion ; and having filled the whole 
universe with a subtile matter composed of small 
globules, which he calls the second element, he sup- 
poses that the sun is in a state of continual agitation, 
which he transmits to these globules, and pretends 
that they again communicate their motion in an in- 
stant lo every part of the universe. But since it has 
been discovered that the rays of the sun do not reach 
us instantaneously, and that they take eight minutes 
to fly through that immense distance, the opinion of 
Deacartea, which laboured besides under other diffi- 
culties, has been given up. 

The jtreat Newton aftenrard embraced the foriMi; 
G2 
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qntem, and maintained that the luminous rafe are 
nail; Hparated from the body of the sun, 2t d the 
pBiticles of light thence emitted with that inconceiv- 
able Telocity niiich brin^ them down to ua in about 
eight minutes. Thia opinion, which is that of most 
modem philosophers, particularly tlie English, is 
called tiie tyttem of nrunatun— it being imagined 
that rays emanate from the sun and other luminoua 
bodies, as water eraanatea or aprix^te frorj a fountain. 
This opinion appears at first sight very bold, and 
irreconcilable to reason. For were tha sun emitting 
Gontinaally, and in all directions, such floods of lu- 
minous maHer, with a velocity so prodigious, he muat 
■peedily be exhausted ; or at least some alteration 
muat, alter the lapse of so many ages, be perceptible. 
Thia, however, ia contradicted by observation. It 
cannot be a matter of doubt, that a fountain whidt 
should emit streams of water in all direcllons would 
be Bzhausted in proportion to the velocity of the 
emission; muchmore the aun, whose rays are emitted 
wit i a velocity eo inconceivable. Let the particles 
of which rays of light are formed be supposed aa 
subtile as you please, nothing will be gained; the 
system will ever remain equally untenable. It cannot 
M affirmed that this emanation is not made m all 
directions ; for wherever you are placed, the whole 



. ,._, .ise is very different 

from that of a fountain, which should emit streams 
of water in all directions. For one point in the 
fountain could furnish only one stream directed to a 
particular spot ; but eveiy point of the sun's surface 
must emit an infinite number, diffusing themselves in 
all directions. This circumstance alone infiuitelr 
increases the expenditure of luminous matter, which 
the aun would have to make. 

Another difficulty, and which appears equally in* 
mpenble, is, that tbe son is not the only body which 
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emits rays, but that all the stara have the «bid« 
quality ; and as everywhere the rays of the sun must 
be crOHsin^ the rays of the stars, their collision must 
be violent in the extreme. How must their direction 
be change by such collision! This collision must 
take pb^e with respect to all luminous bodies visible 
at the same lime. Each, however, appears distinctly, 
withoutsnfTeringthesli^hteBt derangement from any 
other — 8 certain prool that many rays may pass 
throu^the same point without disturbing eachother, 
which seisms irreconcilable to the ayslcra of emana- 
tion. Let two fountaiiiB bo set a playing upon each 
Other, and you will immediatelyperceivetheli differ- 
ent streams disturbed and confounded: it must of 
consequence be concluded, that the motion of the 
rays of light is very essentially different from that 
of a jet JVou, and in generdl fro: j all substances 
forcitdy emitted. 

Considering afterward transparent bodies through 
which rays are freely transmitted in all directions, 
the supporters of this system are under the necessity 
of affirming, that these bodies contain pores, disposed 
in straight lines, which issue from every point of the 
surface, and proceed in all directions: it being incon- 
ceivable how there could be any line through which 
a ray of the sun miRhl be transmitted with such 
amazing velocity, and even without the slightest 
collision. Here then are bodies wonderfully porous, 
which have the app«arance nevertheless of t>eiag 
extremely soUd, 

Finally, in order to enjoy vision, the rays must 
enter into the eye, and penetrate its substance with 
the same velocity. AH these difficulties taken 
together will, 1 doubt not, sufficiently convince yon 
that the system of emanation has in no respect a 
foundation in nature; and you will certainly be 
astonished that it could have been conceived by so 
great a man, and embraced by so many enUghteaed 
philosophers. But it Is long since Cicero remarked, 
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that nothing so absurd can be imagined as to find no 
supporter among philosophers. For my own part, 
I am too little a philosopher to adopt the opinion in 
question. 
Itk June, 1760. 



LETTER XVIII. 

Difficulties attending the System of Emanation. 

However strange the doctrine of the celebrated 
Newton may appear, that rays proceed from the sun 
by a continual emanation, it has, however, been so 
generally received, that it requires an effort of cou- 
rage to call it in question. What has chiefly con- 
tributed to this is, no doubt, the high reputation of 
the grreat English philosopher, who first discovered 
the true laws of the motions of the heavenly bodies ; 
and it was this very discovery which led him to the 
-system of emanation. 

Descartes, in order to support his theory, was 
under the necessity of filling the whole space of the 
heavens with a subtile matter, through which all the 
celestial bodies move at perfect liberty. But it is 
well known, that if a body movfes in air it must meet 
with a certain degree of resistance ; from which 
Newton concluded, that however subtile the matter 
of the heavens m^y be supposed, the planets must 
encounter some resistance in their motions. But, 
said he, this motion is not subject to any resistance : 
the immense space of the heavens, therefore, con-« 
tains no matter. A perfect vacuum, then, universally 
prevails. This is one of the leading doctrines of the 
Newtonian philosophy, that the immensity of the 
universe contains no matter in the spaces not occu- 
pied by the heavenly bodies. This being laid down, 
there is between the sun and us, or at least from the 
sun down to the atmosphere of the earth, a» abeo* 
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Inle vacuum. In truth, the farther we ascend, the 
more subtile wo lind the sir to be ; from whence it 
wot)ld appareDily foUow.lbat &t length the air would 
be entirely lost. If ihe space betweeu the buq and 
the earth be an absolute vacuum, it is impowible 
that the rays should reach us in the way of com< 
munication, as the sound of a bell is traiumitted by 
means of the air. For if the air interveninf; be- 
tween the bell and our ear were to be unnihilated, 
we should absolutely bear nothing, let the bell be 
struck ever so violently. 

Having established, then, a perfect vacuum be- 
tween the heavenly bodies there remains no other 
opinion to be adopted but that of emanation ; which 
oldiged Nvalon to maintaju, that the sun and all 
Other luminous bodies emit rays which are always 
particles, inlinitely small, of their mass, darted from 
tbem with incredible force. It must be such to a 
very high degree, in order to impress on rays of 
light that inconceivable velocity with which they 
come from the sun to us in the space of eight mio- 
Utes. But let us see whether this theory be coi- 
8istentwith.^«fifDn'>leadingdoctriae,whichrequir(s 
an atoolute vacuum in the heavens, that the planeis 
may encounter no manner of resistance to their mo- 
tiooa. You must conclude, on a moment's reflection, 
Uiat the space in which the heavenly bodies revolve, 
instead of remaining a vacuum, must be filled wilb 
the rays, not only of the sun, but likewise of all tbt> 
other stars which are continually passing throngh it 
from every ouarter, and in all directions, with in- 
credible rapidity. The heavenly bodies which trav- 
erse these 6paces,inatead of encountering a vacuum, 
will meet with the matter of luminous rays in a 
terrible agitation, which must disturb these bo«lies 
in their motions much more than if it were in a slate 
of rest. 

Thus NtiatoK, apprehensive lest a subtile matter, 
such as Detcartti imagined, shonld disturb the mo- 
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tioDB of the planets, had recourse to a very etrange 
expedient, and quite contradictory to hiB own inten- 
tion, as, on his hypothesis, the planets must be ex- 
posed to a deran^ment infinitely more considerable. 
1 have already submitted to you several other ineu- 
perahle objeclious to the syalem of emanation ; and 



to so self-contradictory as wholly to overturn it. 
All these considerations united, leave us no room 
to hesitate about the rejection of this strange system 
of the emanation of light, however respectable tiie 
authority of the fihitosopher who inTontcd it. 
Newton was without doubt one of the greatest 

Eniuaes that ever existed. His profound know- 
Ige, and his acute penetration into the most bid- 
den mysterieB of nature, will be a just object of 
admiration to the present and to every future age. 
But the errors of this neat man should serve to 
admonish us of the we&ness of the human under- 
standing', which, after having soared to the greatest 
possible heights, is in danger of plunging'. into mani- 
fest contradiction. 

If we are liable to weaknesses and inconsistencies 
BO humiliating, in our researches into the phenomena 
of this visible world, which Ues open to the examina- 
tion of our senses, how wretched must we have been 
had God led us to ourselves with respect to things 
invisible, and which concern our eternal salvation I 
On this important article a revelation was absolutely 
necessary in us ; and we onght to avail ourselves 
of it with the most profound veneration. When it 
presents tn us things which may appear inconceiv- 
able, we have but to reflect on the imperfection of 
human understanding, which is so apt to be misled, 
even as to sensible objects. Whenever I hear a 
pretended freethinker inveighing against the truths 
of religion, and even sneenng at it with the moat 
arrogant self-sufficiency, I say to myael^ Poor we A 
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Biortal, how inexpresaiblr more noble and Boblime 
are tlie subjects which yoa treat so lightly than 
those respecting which the great Nneton waa so 
KTOsdy mistahen ! I could wish your hig-hness to 
keep this reflection ever in remembraoce ; occasions 
for making it occur but too frequently. 
lock Jme, 17G0. 
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You have seen that the system of the emanation 
of the rays of light labours under insupprable dilG- 
cultiea, and that the doctrine of a vacuum for the 
heavenly bodies to range in is equally untenable, as 
the rays of light wodd completely fill it. Two 
thii^, then, must be admitted: first, the space 
through which the heavenly bodies move is nlled 
with a Bubtile matter; secondly, rays are not an 
actual emanation- from the sun and other luminous 
bodies, in virtue of which part of iheir anbatance is 
violently emitted from them, according to the doc- 
trine of Neinlon. 

That subtile matter which filla the whole space in 
which the heavenly bodies revolve is called ether. 
Of its extreme subtilty no doubt can be entertained. 
In order to form an idea of it, we have only to 
attend to the nature of air, which, though extremely 
mditile, even on the surface of the earth, becomes 
more andmoreso as we ascend; and entirely ceases, 
if I may use the expression, when it comes to be lost 
in the ether. The ether, then, is likewise a fluid as 
the air is, but incomparably tiner and more subtile, 
as we are assured that the heavenly bodies revolve 
freely through it, without meeting any perceptible 
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ie also, without doubt, possessed of 
elasticily, by means of which it has a tendency to 
expand iteelf in all directions, and to penetrate into 
spaces where there would otherwise be a yacnum ; 
so that if by eoroe accident the ether were forced 
out of any apace, the aiuTounding fluid would in- 
stantly rush in and fill it again. 

In virtue of this elasticity, the et'ier ia to be found 
not only in the regions wfiich are above our atmo- 
sphere, but it penetrates the atmosphere universally, 
insinuates itself by the pores of all bodies, and paasea 
irresiatibly through them. Were you, by the help 
of the air-pump, to exhaust the a'.' from a receiver, 
you must not imagine that you have produced an 
absolute vacuum ; for the ether, forcing itself through 
the pores of the receiver, completely fills it in an 
instant. Having filled a glass tube qf the pro^r 
length with mercury, and immerged it, when in- 
Verted, in the citttcm, in order to make a i' omeler, 
it might be supposed that the part of i^e tube which 
ia higher than tne meicury is a vacuum, because the 
air is completely excluded, as it cannot penetrate 
the pores of glass ; but this vacuum, which is appa- 
rent only, is undoubtedly supplied by the ether, in- 
sinuating itseli' without the smallest difBcnlty, 

It is by this eubtilty and elasticity of ether that I 
shall by-and-by explain to you the remarkable phe- 
nomenaof electricity. It is even highly protuUe 
that ether has an elasticity much superior to that of 
air, and that many of the phenomena of nature are 
■ produced by means of it. For my own part, I have 
no doubt that the compression of the air in eun- 
powder ia the efTcci of the elastic power of ether. 
And aa we know by experiment that the air in it is 
condensed almost 1000 times more than common 
air, and that in this stale its elasticity is likewise 
1000 times greater, the elasticity of the ether must 
in this case be so too, and consequently lOOO time* 
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Cater than that of cmnmon air.* We shaB then 
e a jUBt idea of ether, in considering it as a fluid 
in many reapecta similar to air, with this difference, 
that ether is incomparably more subtile, and more 

Having seen then that the air, by these very qnali- ' 
ties, is in a proper stale for receiring the agitations 
or shakingB of sonorous iMidieB, and to diffuse them 
in all directions, aa we find in the propagation of 
sound, it is very natural to suppose that ether may 
in the same circumstances likewise receive agita- 
tions in the same manner, and transmit them to the 
greatest distances. As the vibrations of the air pro- 
duce loun^, what will be the effect of those of ether 1 
You will undoubtedly guess at once ''>A(. It ap- 
pears in truth abundantly certain, that Ught is with 
respect lo ether, what sound is with respect to air; 
and that the rays of light are nothing else hut the 
shakings or vibrations transmitted by the ether, as 
sound consists in the shakinga or vibratloDs trans- 
mitted by the air. 

The sun, then, loses nothing of his substance in 
this case, atly more than a bell in vibrating ; and, in 
adopting this system, there is no reason to appre- 
hend that the mass of this orb should ever suffer any 
diminution. What I have said of the sun must also 
be extended to all luminous bodies, such as fire, a 
wax taper, a candle, Ac. 

it will undoubtedly be objected, that these terres- 
trial luminaries evidently waste, and that unless 
they are continually fed and kept up, they will be 
. speedily extinguished; that consequently the sun 
must in time be wasted away, and that the parallel 

■ TlM ■dibor hen tgaln I^Us Into Iliv «TTor of nppoafnf Out fan- 
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of a bell is not accurate^ But it is to be consideved^ 
that these fires, besides theii light, throw out smoko, 
and a ^eat deal of exhalation, which must be care^ 
fblly disting:uished from the rays of light. Now the 
smoke and exhalation evidently occasion a consid- 
erable diminution, which must not be imputed to the 
rays of light ; for were it possible to separate them 
from the smoke and other exhalations,, the luminous 
quality alone would occasion no expenditure. Mer^ 
cury may, by means of art, be rendered luminous^ 
as you have probably seen, and that .without anjr 
diminution of its substance, which proves that light 
alone produces no waste of luminous bodies.* Thus, 
though the sun illuminates the whole world by his 
rays, he loses nothing of his own substance, his 
light being only the effect of a certain agitation^ 
or violent concussion of his minute particles, com^ 
municated to the adjoining ether, and thence trans^ 
mitted in all directions by means of this fluid to the 
remotest distances, as a bell when struck communis 
cates its own agitation to the circumambieut air. 
The more we consider this parallel between sono- 
rous and luminous bodies, the more we shall find it 
conformable to nature, and justifiable by experience ; 
whereas the more We attempt to reconcile the phe- 
nomena of nature to the system of emanation, the 
more difficulties we encounter;! 
14M June, 1760. 

* Mercury cannot be heated w ae to beeome ineandeacent.or emit 
lifht (which is probably the method of rendering it lominoaa ailiuled to 
by the anthorX without losing a portitm of its sabstante by vaporixatioa. 
If a piece of fine gold be nunpended over heated mercury, it becomes 
apoedily tarnished bv the mercurial vapour^— ilm. Ed. 

t Dr. PrieMley undertakes to obviate the (Ejection to the waale of the 
aim so much insisted on by Euler. He collected the sun's rays tnm a 
concave reflecting surface of four square fbet^ and threw the fbcos on 
the arm of a delicate balance, and found that it indicated a weight noc 
exceeding, in one second of nme, the 1300- millionth part of a grain ; and 
he therein infcni by calculation, (hat there does not issue fVom one aquara 
foot of (he sun*8 surface, in one second of time, more (ban one U)itf» 
thousandth pari of a grntn of matter, or about 4,752,000 grains— Oi9 

BDundM avoirdupois in (iOOO yeara; ^ Quantity which would not 
is diameter more than (en feet.-~ilfn. Ed. 
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LETTER XX. 

Gf the Propagalion of LighL 

Tn propagation of liffht in the ether is produced 
in a manner aimilar to that of Bound in the air ; and 
Just as the vibratioiu occasioned in the particlea of 
air constitute sound, in tike manner the Tibration 
of the particles of ether cAnstitutes li^t or lumi- 
nals raya ; ao that light u nothing elte bvl an mgUO' 



mibtuty, in virtue of which it penetrates all bodies. 
These bodies, hvwcTer, modify the rays of light 



the jHtipagation of the c 
tre^ at large in the sequel. I conjine myself at 
preeent to the propagation of mye inthe ether itself, 
"which Gils the immenseapacein which the hearenly 
bodies reTOlve. There the propagation takes place 
in perfect liberty. T)te first ttung which here pre- 
•enta iteelf to the mind is the prodigious valocity 
of the rays of light, which is about 000,000 times 
more rapid than that of sound, though this last 
travels no less than 1100 feet in a second. 

This amaiing velocity would be sufficient of itself 
4o overturn the system of emanation; but in that 
^rhich 1 am attempting to estaUish, It is a natural 
consequence, from theprinciplea laid down, as I 
liope to demonstrate. They are the same with those 
on which is founded the propagation of sound in the 
air) and this depends at once on its density and elas- 
ticity. It is evident, that if the density of air were 
diminished, sound would be accelerated ; and if the 
«laaticity of the air were increased, the same thing 
would happen. If thedensity of the air diminished, 
and its elasticity incraased at once, we idiould hav« 
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a twofold reason for the increase of Uie velocity 
of sound. Let us conceive, then, the denaily of the 
air diminished, and its elasticity increased, till its 
density and elasticity became equal to those of ether, 
and we should then no longer be surprised that the 
velocity of sound had become many thousands of 
times greater than it actually is. For you wUl be 
pleased to remember, that according to the first 
ideas ne formed of ether, this fluid must be incon- 
ceivably rarer and more etaatic than air. Now both 
of these qualities equally conlribnte to accelerate 
the velocity of vibrations. From Ihia explanation, 
the prodigious velocity of light is so far from pre- 
senting any thing irreconcilable to reason, that it 
rather perfectly hamioniies.with the principles laid 
down; and the parallel between light and sound is 
in thi^ respect en firmly established, that we may 
confidently maintain, that if air should become aa 
Bubtile and as elastic as ether, the velocity of sound 
would become as rapid as that of light. 

The Bubtilty of ether, then, and its great elas- 
ticity, are the reason which we assign for the pro- 
digious velocity of the motion of light ; and SD ioiig 
as the ether preserves this same degree of ^ubtilty 
and elasticity, this velocity must continue the same. 
Now it cannot be doi^ited that the ether has, through 
the whole universe, the same subtilty and the aame 
elasticity. For were the ether less elastic in one 
place than in another, it would force itself into it 
till thu equilibrium was perfectly restored. The 
light of the stars, therefore, moves with as great 
velocity aa that of the sun ; and as the stars are st 
a much greater distance from us than the buo, a much 
greater quantity of time is requisite to transmit their 
rays to us. However great the distance of the sun 
may appear, whose rays, nevertheless, reach the 
■urface of our globe in eight miiuites, the fixed star 
nearest to us is at least 400,000 times more diatant 
than the sun ; a ray of ligiit issuing ttom that star 
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wiU employ then 400,000 timeB eight minutes in 
travelling to us, that is 53,333 honra, or S,22S days, 
or six years m ' 



■o consider^e to fly throtuii the space which sepa- 
rates us from that star. Were God just now to 
create a new fixed star at the same diatance, it could 
not become visible to us till more than six years had 
elapsed, as its rays require that length of time to 
travel this distance. Had ooe been created at the 
beginning of the worid a thousand times more dis- 
tal than that which I have mentioned, it could not 
yet be visible to ua, however brilliant, as 6000 years 
are not yet elapsed since the creation. The first 
preacher of the court of Brunswick, Mr. Jerusalem, 
tULs happily introduced this thought in one of his 
eermODB. The passage runs thus : — 

" Raise your thou^ts from the earth which you 
inhabit, to all the bodies of the vast universe, which 
are so far above you ; launch into the immensity of 
apace which intervenes between the most remote 
which your eyes are able to discover, and those 
whose ught, from the moment of creation till now, 
has not as yet, perbuw, come down to Ds. The im- 
mensity of the kingdom of God Justifies this repre- 
sentation." {Semum m lAa HemertM, and Eternal 
Beatitudt.) 

I Hatter myself that theu reflections will excite a 
desire of flirther inetmction respecting the system 
of light, from which is derived th« theory of colouis 
' and of vision. 

nikJuM, 1700. 




ON THE raSTARCCI Of 



LETTER XXI. 



Digrtsiian on the Diitancei of tht HtoDfnly Bodies, 
and on the Nature of the Sun, and hu Says. 

Th« observations which I have been making re- 

XctJDg the time which the lig-bt of the stars em- 
va in making its progrese down to us convey a 
striking ideaofthe extent and greatness of the uni- 
verse. The velocity of sound, which flies through 
the spacfi of 1000 feet* in a second, fumishee us 
with nearly the first standard of measurement. It 
is about 3000 times more rapid than the pace of a 
man who is a good walker. Now the velocity of 
the rays of light is 900,000 times siill more rapid 
than that of sound : these rays accordingly perform 
every second a course of 900,000,000 of feet, or 
170,000 English miles. t 

What astonishing velocity! Yet the nearest fixed 
star is so remote, that its raye, notwithstanding this 
prodigious velocity, would lake more than six years 
in descending to us. And were It possible for a 
groat noise, such as that of the firing of a cannon, 
issuing from that star, to be conveyed to our ears, it 
would require a period of 5,'100,000 years to reach 
us. A.nd this is applicable only to those stars which 
are the most brilliant, and are probably nearest to 
us. Those which appear the smallest are very prob- 
ably ten times still farther remote, aiid more. A 
whole century, then, at least, must elapse before the 
rays of these stars could possibly reach us. How 
prodigious must that distance be which cannot be 
passfS through in less than 100 years, by a velocity 
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which flies at the rale of 170,000 English miles every 
second 1 

Were, then, one of these stare to be just now an- 
nihilated, or eclipsed only, we should aiill continue 
to see it for lOOyears to come, as the last rays nhich 
it emitted could not reach us in less time. 

The generality of mankind is very far from havii^ 
any thing like just ideas respecting the vast extent 
of the universe. Many consider it as a work of 
Lltle importance, whicli chance alone might have 
produced. But what must be the astonishment of 
one whoreflefcts, on obBerving that all these immense 
bodies are arranged with the moat consumnlate wis- 
dom ; and that the more knowledge we acquire on 
the subject, though it must ever be very imperfect, 
the more we must be disposed to admire their order 
and magnificence 1 

1 return to the great luminous bodies, and particu- 
larly the sun, which is the principal source of the 
light and heat which we enjoy on the earth. It will 
be asked, in the first place, wherein consists the 
light which the sun is incessantly diffusing through 
the whole universe, without ever suffering the small- 
est diminution 1 The answer Is obvious, according 
to the system which I have been endeavouring to 
establish. But that of emanation furnishes no 
satisfactory solution. The whole universe being 
filled with that extremely subtile and elastic fluid 
which is called ether, we must Suppose, in all the 
parts of the sun, an incessant agitation, by which 
every particle is in a constant motion of vibration j 
and this, by communicating itself to the circum- 
ambient ether, excites in that fluid a similar agi- 
tation, and is thence transmitted to regions the 
most remote with the rapidity which 1 have been 
describing. 

And to keep up the parallel between sound and 
light, the sun would be in a state similar to thatof a 
bell which should be ringing continually. Tbe par- 
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tides of the sun must consequently be kept in this 
incessant agitation, to produce in the ether the un- 
dulations which we call rays of light. But it is still 
no easy matter to explain by what power this agita- 
tion in the particles of the sun is constantly kept up, 
Bs we obserre that a match does not long continue 
burning, but presently goes out, unless it bo supplied 
with combustible matter. But it must be remarked, 
that as the sun is a mass many thousand times, 
^ater than our whole globe, if it is once thoroughly 
inflamed, it may continue in that state for several, 
ages without aiuTering any sensible diminution. Be- 
sides, the case is not the aame with the sun and our 
fires and candles, a considerable pait of whose sub- 
stance is dissipated in smOke and exhalations, from 
which a real waste results. Whereas, though per- 
. haps some particles inay be forced from the smi in 
form of smoke, they cannot remove to a great dis- 
tance, but speedily fall back into its mass, so that 
there cannot be any real expenditure to occasion a 
diminution of his substance. 

The only thing of which we are still ignorant re- 
specting this subject is, the power which incessanUy 
maintains all the particles of the sun in this agita* 
tion. But as it contains nothing inconsistent with 
good sense, and as we are under the necessity of 
acknowledging our ignorance of many other things, 
much less remote than the sun, we ought to be 8at« 
isfied if our ideas are not involved in contradiction. 

SUtJwM, 1780. 
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Tat auD being a luminous body, whose rays are 
univen^y difliised in all directions, you can no 
longer be at a loss to account for diia wonderful phe- 
nomenon, which consists in Ihe shaking or vibration 
with which all the particles of the sun are asitated. 
The parallel of a bell lends consider^le assistance 
inwutiB the explanation of this fact. Bui it is ob^ 
vious that the vibrations produced by light must be 
much more vehement and rapid than those produced 
by sound, ether being incomparably more subtile 
than air. A feeble agitation not bein^ capaMe of 
shaking the air so as to produce sound m it, that of 
a bell, and that of all other sonorous bodies, are too 
feeble relatively to ether to produce in it the vibra- 
tion which constitutes light. 

You will recollect, that in order to excite a per- 
ceptible sound, more than 30, aiul less than 7&53 
vibrations must be produced in a second ; the air 
being too subtile to admit of a sensible effect from a 
sound consisting of less than 30 vibrations in a sec- 
ond, but not sufficiently So to -nceive one of more 
than 7552 vibrations in the second. A note higher 
than this couLd not be at all heard. It is the same 
with respect to ether: 7559 vibrations produced in 
a second could not possibly act upon it, because of 
its greater sublilty. It retjuires vibrations much 
more frequent. An agitation so rapid could not 
take place but in the minutest particles of bodies 
which elude our senses. The light of the sun, then, 
i> produced by a very violent agitation, which affecta 




94 ON TBI KATUKB Of 

all his infinitely minute particles, each of which nttiat 
shake many thousands of times every eecond. 

It is a Bimilar agitation which likewise produces 
the light of tiie fixed stars, and of all fir«e, such aa 
candles, tapers, torches, &c., which give us light, 
and supply the place of the sun during the night. 
On attentively observing the flame of a wax-light, 
you will easily perceive, that in the minutest parti- 
cles, there is a constant and surprising agitation; 
«nd I do not apprehend that my system ia UaUe on 
this side to any contradiction, while that of Newton 
requires a more enormous agitation, capatde of 
laiuiching the minutest particles with the velocity 
of 170,000 English miles in a second. 

This, then, is the explanation of the nattire of 
bodies luminous of themselves : for there are lumi- 
nous bodies which are not so inunediately, such as 
Uie moon and the planets, n^ich are similar to our 
giobe. We see the moon only when and in as far 
as she is illuminated by the sun ; and this is the 
earn' <if all terrestrial bodies, fires excepted, which 
have a light of their own. Bnt other bodies, which 
are denominated opaque, become visible to tu mdy 
when they are illuminated by some luminous bo<^. 

In a very dark night, or in an ^lartment so clOMly 
shut on every side that no light can find admission, 
to no purpose will yon turn your eyes towards the 
objects which surround you m thedarii: you per- 
ceive nothing. But the moment a taper is intro- 
duced, you immediately see, not the taper only, but 
the other bodies which were before invisible. We 
have here, then, a very essential difference between 
luminous uid opaque bodies. 1 have already em. 
ployed the term opaque to denote bodies whicii are 
not transparent: out it comes to almost the same 
thing ; and we must accommodate ourselves to the 
common modes of expresHion, though they are not 
perfectly accurate. Luminous bodies are visible hf 
their own light, and never affect oor organs of sight 
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mora than when the darknesB is otherwise most pro- 
found. Those which 1 here denominate opaque are 
rendered visible to ua only by means of a light that 
IB foreign to them. We perceive ihem not while 
thejr remain in darkness ; but as booh as they are 
exposed to a luminous body, whose rays strike upon 
them, they become visible ; and they disappear the 
moment uat foreign light is withdrawn. It is not 
even necessary that the rays of a lominous body 
should fall upon them immediately ; another opaque 
body, when well illuminated, produces nearly the 
same effect, but in a feebler manner. 

The moon is an excellent instance. We know 
that the moon is an opaque body ; but when she is 
iUuminated by the sun, and we see her during the 
night, she dimises a feeble light over all opaque 
bodies, and renders visible to us those which we coidd 
not have perceived without her assistance. Placed 
in the daytime in an apartment whose aspect is 
towards the north, and into which, of course, the 
rays of the sun cannot enter, it is, however, per- 
fectly clear, and I am able to distinguish every ob- 
ject. What can be the cause of this clearness, but 
that the whole heaven is illuminated by the sunt 
What we call the azure sky, and, besides, the walls 
opposite to my apartment, and the other surround- 
ing objects, are likewise illuminated, either imme- 
diately by the aun, or mediately by other opaque 
bodies, exposed to the action of that focus of light ; 
and the hght of all these opaque but illuminated 
bodies, as tar as it has admission into my apartment, 
renders it luminous, and that in proportion as the 
windows are high, wide, and well placed. The glass 
Is little or no iotcrmption, being, as I have already 
remarked, a transparent body, which freely trans- 
mits the rays of light. 

When I completely exclude the light from the 
apartment by closing the window-shutters, I am re- 
duced to a state of darkness, and discern no object. 
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unless I call for a candle. Here then is an essential 
difference between luminous and opaque bodies; 
and likewise a very striking resemblance, namely, 
that opaque bodies, when illuminated, illuminate 
other opaque bodies, and produce in this respect 
nearly tne same effect as bodies luminous of them- 
selves. The explanation of this phenomenon has 
hitherto greatly perplexed philosophers ; but I flatter 
myself that my solution of it has been clear and 
satisfactory. 
24th June, 1760. 



LETTER XXIII. 

How Opaque Bodies become Visible, Newton's System 
of the Reflection of Rays proposed. 

Before I attempt an explanation of the phenome« 
on of opaque bodies becoming visible when they 
are illummated, it must be remarked in general, that 
we see nothing but by means of the rays which enter 
into our eyes. When we look at any object what- 
ever, rays issuing from every point of that object^ 
and entering into the eye, paint upon it, if I may 
use the expression, the image of the object. This is 
not mere conjecture, but may be demonstrated by 
experiment. Take, for example, the eye of an ox, 
or of any animal recently killed, and, after having 
uncovered the bottom, you find all the objects which 
were before it painted there. As often thfen as we 
see an object, the ima^c of it is painted on the bot- 
tom of our eyes ; and this is produced by the rays 
which proceed from the object to us. I shall after- 
ward take occasion to go into a more minute detail 
on the subject of vision, and explain in what manner 
the images of objects are formed on the bottom of 
the eye: let this general remark suffice for the 
present. 
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As we see opaqae bodies only when they are iUu- 
raiDRted, this is a proof that there must proceed 
from every poinl of these bodies rays of light which 
subsist only during' the illuminatioQ. The moment 
they are placed in the dark these rays disappear. 
They are not proper then to opaqne bodies ; their 
origin must be sought in the manner in which other 
bo£es illuminate them. And this is the i^eat ques- 
tion, hoiv illumination alone is capable of producing 
rays on opaque bodies, or of puttmg them in nearly 
the same state as luminous bodies are, which, by an 
agitation in their minutest particles, produce rays of 
Ught! 

The great Neicton, and other philosophers who 
have examined the subject, assign reflection as the 
cause of this phenomenon : it is therefore of the 
highest importance that you should form a just idea 
of what is called reflection. 

This name is given to the repulsion of one body 
struck against another, as may be seen in the game 
of billiai^s. When the ball is struck against the 
cushion or ledge of the billiard-table, it recoils again ; 
and this retrograde motion is termed reflection. It 
is necessary here to attend to a distinction between 
two cases. Let us suppose A B, p- i 

J'w.T.tobetheledgeofabiiliard. ■"«: '■ 

table. The f " 

When you 

pendicularly a_ 

m the direction c 

pcndicular to A B, consequently 

the adjacent angles A C D and 

BCD are right angles : in this ^ 

case the ball will be driven back 

or reflected in the same line D C. The other case is, 

when the bait is played obliquely against the ledge, 

suppose in the line E C, forming with A B an aciito 

angle A C E, this is called the angle of incidence. . 

The ball will in tliis case b« repelled from the ledga 

Vol. I.— I 



)b6theledgeofabiiliard. -"^^ '■ 

The fiiBt case is this : *■ "p \' ■ 

rou play the ball D per- / \ 

Jarly against the ledge, «^ \_ 

direction of D C, per- '■^ "^ 
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in the direction of the line C F, eo that this line 
Bhall make on tho other side, with the ledge B C, an 
an^le B C F, exactly equal to the angle of incidence 
ACE. This angle B C F, formed by the line in 
which the ball recoils, is.called the angle of reflec- 
tion. And this law always takes place when a body 
in motion meets with an obstacle. 

A cannon-ball shot against a wall Bufficiently 
strong to resist it is reflected conformably to this 
law. It extends, in like manner, to sounds which 
are freouently reflected from certain bodies ; and yoa 
know that this reflection of sound is called echo. It 
cannot be doubted, that Ihe same thing frequently 
takes place with respect to the rays of light. The 
objects which we see in mirrors are represented to 
us by the reflection of rays, and every well polished 
surface reflects tharays of light which fall upon it. 
It is undoubtedly certain, therefore, that there ar« 
cases without number in which the r^ys that fall on 
certain bodies are retlected ; and philosophers have 
thence taken occasion to maintain, that opaque bodies 
are rendered visible by means of reflected rays. 

I see just now houses opposite to my windows 
which are illuminated by the sun. According, then, 
to the opinion of those j^ilosophers, the rays of Uie 
sun falling on the surface of these houses are re- 
flected from them ; they enter into my apartment, 
and render these houses visible to me. In the same 
manner. If we believe those philcwophers, the moon 
and the planets become visible, and these are nnques- 
lionably opaque bodies. The rays of the snn which 
fall on these bodies, and illuminate the parts which 
are exposed to them, are reflected, and are thence 
transmitted to us. Just as If Ihe tiodies were luminous 
of themselres. According to this opinion, we me 
the moon and the planets only by the rays of the sm 
which they reflect; and you must frequently hsve 
heard it affirmed, that the light of the moon is a re- 
flection of the light of the sun. In the same manner. 
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say they, the raj^ of the sun are reflected by the 
first opaque bodies which are exposed to them, on 
other bodies of the same nature, and undergo a series 
of similar reflections, till they are entirely weakened. 

But however plausible this opinion may at first 
sight appear, it involves so many absurdities when 
closely examined, that it it, absolutely untenable, 
which 1 hope to demonstrate, as a preparation for 
the true solution of this phenomenon. 

SSlA June, 1760. 



LETTER XXIV 
tion and Refutation 0/ Nneton'i Syjiem, 

I Arruat, then, that when we see an opaque body 
illuminated by the sun, it is impossible to maintain 
that it reflects luminous rays, and that bv means of 
such rays it is rendered visible to us. The example 
of a mirror, which undoubtedly reflects the rays, and 
is employed to support this opinion, rather confutes 
it. The mirror, beyond contradiction, sends back 
.the rays which fall upon it; but when these reflected 
rays enter into our eyes, what do they represent I 
You will readily answer, that it is not the mirror, 
but the objects from wbicb they originally proceeded, 
and the reflection does nothing else but enable us to 
see these objects in another place. Besides, we see 
those objects, not on the surface of the mirror, but 
rather within it 1 and it may be said with truth, that 
the mirror itself remains invisible to us. 

But, on looking at an opatjue body illuminated by 
the Bun, we do not see in it the image of thatg1o< 
rious orb; we see only the surface of tbe boiSes, 
with all the variations to bo found on them. We per- 
ceive, then, a very essential difll^rence between the 
rays which are reflected from a mirror, and those by 
meana qf which opaque bodies are rendered visible. 
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Bnt there is, besides, another difference equitUf pal- 
pable in the mirror ; for on changing ihe place at 
the objects, or our own situation, the appearancs 
will always change, and the rays reflected from the 
mirror will continually repreaent to our eyea other 
images, corresponding to the nature and poiiition of 
the objects, and to the place where we aie stationed ; 
but, as 1 have already said, these reflected raya never 
represent lo us the mirror itself 

Now, let a body be illuminated by fhe sun, or 
other bodies, whether luminous or opaque, already 
illuminated ; in whatever manner this body may 
change its place, or we change ours relatively lo it, 
its appearance is always the same ; we see always 
the same object, and remark in it no change relative 
to the different circumstances above mentioned. 
This furnishes a new proof that we do not see opaque 
bodies by means of the rays reflected from their 
surface. 

An objection will perhaps be started, drawn from 
the dove's neck, and certain kinds of stuff', which 
present different objects according as our point of 
view changes. But this in uo respect weakens my 
conclusion witli re);ard to ordinary opaque Ixidies, . 
which are not subject to this change. The objection 
only proves, that these yin^^uhr objects are endowed 
with certain qualities; as, for eiample, that their 
minuter particles are finely polished, and that a real 
reflection takes place, besides the usual and ordinary 
manner in which bodies are rendered visible to us. 

Now, it ia easy to comprehend, that this reflection 
must be clearly distinguished from the manner in 
which ordinary opaque bodies are illuminated. 

finally, the rays reflected from a mirror always 
represent to us, likewise, the colours of the bodiea 
from which they orieluiilly proceed ; and the mirror 
which reflticls make^ no change in this respect. Ona 
opaque body, illuminated by any other body, in what- 
ever manner, always presents the same colours ; and 
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every body may bo said to have its proper colour. 
This circumstance absolutely overturns the opinion 
of all those who maintain that we see opaque bodies 
by means of the rays which their surface reflects. 

Putting together all the reasons which I have now 
Rubmilled U> your consideration, there can be no 
hesitation in pronouncing that this opinion is totally 
tuitenable in philosophy, or rather, in physics. I 
cannot, however, flatter myself with the hope, that 
philosophers, weddedloopinionsonce adopted, should 
yield to these reasons. But the naturalist, who is 
more nearly related to the mathemallcian, will have 
less difficulty ia resigning an opinion overthrown 
by reasons so convincmg. You will again recollect 
what Cicero has said on this subject : That nothing 
■0 absurd can be conceived as not to be suppcnted 
by some philosopher. In fact, however strange the 
system which I have been refuting may appear to 
you, it has hitherto been propagated and defended 
with much warmth. 

It is impossible to say to what a degree tlie difli- 
cutties and contradictions which I have been en- 
deavouring to expose were unknown to, or over- 
looked by, the partisans of this system. The great 
Nevtton himself strongly /elt their force ; but as he 
rested in a very untenable idea respecting the prapa- 

fation of light, it is not to be wondered at that 
e should overlook these great difficulties ; and, in 
general, depth of understanding does not always 
prevent a man from falling into abnurdily in sup- 
porting an opinion once embraced. 

Bui if this system, that opaque bodies are rendered 
visible by reflected rays, be false, say its partisans, 
what then Is the true one < They even think H Im- 
possible to imagine another explanation of this phe- 
nomenon. It is, besides, rather bard and humiliating 
for a philosopher to acknowledge ignorance of any 
subject whatever. H3 would rather maintain tho 
<p^e«t absurditias ; egpwnally if be possesses the 
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secret of involving them in mysterious terras, 'which 
no one is capable of comprehendin]?. For in this 
case the vulgar are the more<lisposed to admire the 
learned; taking it for granted that what is obscurity 
to others is perfectly clear to them. We ought 
always to exercise a little mistrust when very sub* 
lime knowledge is pretended to — ^knowledge too 
sublime to be rendered intelligible. I hope I shall 
be able to explain the phenomenon in question, in 
such a way as to remove every difficulty. 
ist July, 1760. 



LETTER XXV. 

A different Explanation of the Manner in which Opaque 
Bodies illuminated become visibh. 

All the phenomena of opaque bodies, which I 
have unfolded in the preceding Letter, incontestably 
demonstrate that when we see an opaque body illu- 
minated, it is not by rays reflected from its surface 
that it becomes visible, but because its minuter par- 
ticles are in an agitation similar to that of the minuter 
particles of luminous bodies ; with this difference, 
however, that the agitation in opaque bodies is far 
from being so strong as in bodies luminous of them- 
selves ; for an opaque body, however much illumi- 
nated, never makes on the eye an impression so lively 
as luminous bodies do. 

As we see the opaque bodies themselves, but by 

no means the images of the luminous bodies which 

enlighten them, as must be the case if we saw them 

by ftie reflection of their surface, it must follow 

' that the rays emitted by opaque bodies are proper 

\ to them, just as the rays of a luminous body are 

\ peculiar to itself. As long as an opaque body is 

\illuminated, the minuter particles of its surface are 

in a state of agitation proper to produce in the ether 
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a raotion of Tibration such aa is necessary for toim- 
ing rays, aitd for painting in our eyes the iraa^ 
of the body from which they proceed. For this 
effect, rajs must be diffused from every point of the 
surface, in all directions — as experience evidently 
confirms. For, from whatever side we look at aa 
opaque body, we see it equally in all its points ; from 
which it foUows that every point emits rays iu all 
directions. This circumstance essentially distin' 
ffpishes these rays from such aa are reflected, whose 
direction is always determined by that of the rays 
of incidence; so that if the incideat rays proceed 
from one slngrle quarter, say the aun, the reflected 
rays can follov only one single direction. 

It must be admitted, then, that when aa opaque 
body is illuminated, all the particles on its aorface 
are put in a certain agitation, which produces rays, 
as is the case with bodies luminous of themselves. 
This agitation, likewise, is stronger in proportion a« 
the light of the illuminating body is more intense, 
Thus the same body, eiqMSM to the sun, is agitated 
much more violently than if, in a toom, it were illu' 
minated only by daylight ; or in the night-time by 
a taper, or by the moon. In the first case, its imuge 
is painted with much grekter vivacity on the bottom 
of the eye than in the mhera, especially the last ; 
the light of the moon being scarcely safficient to 
enable us to distinguish, or to read, writing of a large 
size. And when the opaque body is conveyed into 
a close room, or into the dark, nothing is then to be 
seen — a certain proof that the agitation in its parts 
has entirely ceased, and that they are now in a stale 
of rest. 

Ill this, therefore, consists the nature of opaque 
bodies ; their particles are of themselves at rest, or 
at least destitute of the agitation necessary to pro- 
duce light. But ihese same particlen are so dis- 
posed, that when iiUiminated, or struck with rays of 
light, they are immediately put into a cwtain agita- 
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tioB, or motion of vibration, proper to produce rays ; 
and the more intense tlie lignt is which illuminates 
these bodies, the more violent also is this agitation. 
As long ss an opaque liody is illuminated, it is in the 
same state as luminous bodies; its particles aro 
agitated in the same manner, and are capable of ex- 
citing, of themselves, rays in the ether ; with this 
difference, that the scitation kept up in luminous 
bodies by an intrinsic force subsists always of itself; 
whereas in opaque bodies this agitation is only 
momentary, and produced by the motion of the light 
which illuminates them. 



which determined us to abandon the other, namely, 
fliat founded on reflection. Whoever will take the 
trouble candidly to weigh all these reasons must 
admit their force. But a very great difficulty still 
remains to be solved: how cornea it that illumina- 
tion simply can put the particles of an opaque body 
into an agitation capable of producing rays: and 
that this agitation should always continue nearly the 
same, whatever difference there may be in the illu- 
mination 1 

I acknowledge, that were it impossible to answer 
this question, it would be a great defect in my the- 
ory, though it would not amount to a complete 
refutation i for it contains nothing; contradictory. 
Supposing I were Ignorant how illumination pro- 
duces an agitation in the particles of opaque bodies, 
this would only prove that the theory is incomplete ; 
and till it is demonstrated to be absolutely impossi- 
ble that illumination should produce this effect, my 
STitem must subsist. But 1 shall endeavour to sup- 
py thia defect, by showing you how illumination 
ligitateB the minutest particles of bodies. 

(UA Jv/y, 17M. 
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LETTER XXVI. 
Continuation of the tame Suiject. 

I RATE undertaken to show how the illuminattoii 
of an opaquebody must produce, in its minutest par- 
ticles, an agitation properlo excite the rays of Ught, 
which render that same opacjue body visible. The 
parallel between sound and light, which differ only 
in respect of lees and more, light being the same 
thing relatively to ether that sound Is relatively h) 
air — this parallel, I say, will enable me to fulfil my 
engagement. Luminous bodies must be compared 
to rouaical instruments actually in a state of vibra- 
tion. Jt is a matter of indifference whether this be 
the effect of an intrinsic or of a foreign power ; it 
is sufficient for my purpose that sound is emitted. 
Opaque bodies, as long as tbey are not illuminated, 
must be compared to musical instruments not in 
use ; or, if you will, to strings which emit no sound 
till they are touched. 

The question, then, being transferred from light 
to sound, is resolved into this. Whether it be possible 
for the siring of an instrument In a state of rest, 
when brought within the sphere of activity of the 
sound of instruments in a state of vibration, to re- 
ceive, in certain circumstances, some agitation, and 
emit sound, without being touched 1 Now this is con- 
flrmed by daily experience. If you take the trouble, 
during a concert, to attend to a particular string in 
proper tune, you will observe that string sometimes 
to tremble without having been touched, and it will 
emit the same sound as if it liad been immediately 
put into vibration. This experiment will succeed 
still better, if the instruments strike the same note 
with the string. Consider attentively the strings 
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of B harpsichord not played upon, while a violin 
strikes the note a, for example, and you will observe 
on the bar[Wlchor(l the string oC the same note begin 
sensibly to tremble, and even to emit sound, without 
having been touched ; some other chords will like- 
wisebe agitated, particularly those which are dis- 
tant an octave, a fifth, and even a third, provided tho 
Instniment be perfectly in tune. 

This phenomenon is well known to musicians; 
andMr. Rameau, one of the most celebrated French 
composers, estabUshed his principles of harmony 
upon it. He maintains that octaves, fifths, and thir& 
must be considered aa consonances, because one 
chord is a^tated by the sound only of another chord 
which is in unison, or an octave, a fifth, or a third 
from the fitat. But it must be admitted that the 

firinciples of harmony are so well estabUshed by 
he simplicity of the relations which sounds have 
to each other, that thev have no need of a new cor. 
firmation. In truth, the phenomenon observed t^ 
Mr. Rameau is a v^ry natural consequence from the 
principles of harmony. 

To render this more sensible, let us attend to two 
chorda wound up to unison ; on striking the one, tho 
other will begin of itself to tremble, and will emit 
its sound. Tlie reason is abtmdantly clear : for as 
a chord communicates to the air by its trembling a 
motion of vibration similar to its own, the air, agi- 



of tension it be susceptible of this motion. The air, 
being put into vibration, strikes ths chord ever so 
little at every reverberation, and the repetition of 
strokes soon impresses on the chord a sensible mo- 
tion 1 because the vibrations to which it is disposed 
by its tension accord with those of the air. If the 
number of vibrations in the air is the half, or the 
third, or any other whose relation is suBicieatty 
aimide, the cnord does not receive a new impulse at 
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erery vibration, as in the preceding case, but onlr 
8t the second, or the third, or the fourth, which wiU 
continue to increase its tremulous motion, but lesa 
than in the first case. 

But if the vibrations of the air have not any simple 
relation with that which corresponds to the clutid, 
the agitation of that fluid will produce no effect 
whatever upon it ; the vibrations of the chord, if 
there be any, not corresponding to those oftheltaid, 
the following impulsions of the air destroy for the 
most part the eflect which the first might nave pro- 
duced ; and this in completely coniirmed by expe- 
rience. Thus, when a chord is shaken by a sound, 
that pound must, in order to its being perceptible, be 
precisely the same with that of the chord. Other 
sounds which have a consonance with that of the 
chord will produce, it is true, a similar but less sen- 
sible effect, and dissonances will produce none at all. 
This phenomenon takes place not only in musical 
strings, but in all sonorous bodies whatever. One 
bell will resound by the noise only of another bell 
which is in uuiaon with it, or at the distance of an 
octave, a fifth, or a third. 

The instance of a person who could break glasses 
by his voice further confirms what 1 have advanced. 
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tion ; proceeding to give to his voice all the force be 
was able, always preserving the unison, the vibration 
of the glass became at length so violent that it broke. 
It is confirmed, ihen, by experience, that a c|iord and 
every other sonorous body is put into vibration bjr 
its kindred sound. The same phenomeuon must 
take place with regard to opaque bodies, of which 
the mmuter particles mav be put into a state of agi- 
tation by illuniination only— which is tho question I 
proposed to solve, The following Letter will con- 
tain a more ample discussion of it. 
9ih July, 1760. 
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as aoon as an opoqae body ceases to be illmain«d, ft 
ceases to be visible. 

But is it not possible that this agitation, once im- 
^Tesaed on the particles of an opaque body, may bo 
for some time kept up, as we see that a attiag onoe 
struck frequently continues to vibrate, thoti^ no 
new impression be made upon it 1 I do not p'etead 
to deny the fact : I even believe that we have fflc- 
amples of it in those substances which Mr. Maifraff 
presented to you, and which, once illumined, jve- 
serve their liKht -for some time, though conveyed 
into a dark room. This, however, is an extraor- 
dinary case, the vibration of the minnter partidec 
diaaf^aring in all other bodies with the illumine 
tion which occasioned it. But this ezplanati<n, 
which thus far is perfectly self-consistent, leads dm 
forward 10 researches of still greater importance. 

It is undoubtedly certain, that we find an inflnito 
difference between the particles of opaoue bodies, 
according to the variety of the bodies themselves. 
Some will be more sosceptible of vibrations, and 
others less, and others finally not at all so. This dif- 
ference in bodies occurs but too evidently. One, 
whose particles easily receive the impression of the 
rays which strike it, appears to us brilliant ; another, 
on the contrary, tit which the rajre scarcely produco 
any agitation, cannot appear luminous. Among seve- 
ral bodies, equally ilium med, you will always remaric 
a great diRerencS, some being more brilliant than 
others. But there is besides another and a very re- 
markable difference between the particles of opaqus 
bodies, respecting the number of vibrations which 
each of them, bemg agitated, will make in a certain 

I have already observed, that this number mtist 
always be very great, and that the Bubtilty of ether 
is such as to require many thousands in a aecoinl. 
But tlie difference here may be endless, ifsome par- 
ticles, for example, should make 10,000 vibration* 

Vot. I.— K 
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Teal emanation, whose 'matter may b« moi« or 
less subtile; and thence settles the rays of all the 
colours, as red, yellow, )^en, blue, violet, &,c. 

But as this system falls to pieces of itself, all that 
has been said respecting colours conveys no inform- 
ation ; and you are now clearly sensible, that the 
nature of each colour consists in the Dumber of vi- 
brations produced in a certain time, by the particles 
which present them to the eye. 

laiA Juiy, 1760. 



LETTER XXVIII. 
Nature of Colours inparliailar. 

Tm ignorance which prevailed respecting the 
true nature of colours has occasioned frequent and 
violent disputes among philoaophera ; each of whom 
made an attempt to shine, by maintaining a peculiar 
opinion on the subject. The system whicn made 
colouia to reside in the bodies themselves appeared 
to them too vulgar and too little worthy of a phi- 
losopher, who ouKht always to soar above the mul- 
titude. Because the clown irasgines that one body is 
red, another blue, and anolher green, the philosopher 
codd not distinguish himself better than by main- 
taining the contrary; and he accordingly afSrms 
that there is nothing real in colours, and that there 
is nothing in bodies relative to them. 

The Newtonians make colours to consist in rays 
only, which they distinguish into red, yellow, green, 
blue, indigo, and violel ; and they tell us that a body 
appears of such and such a. colour when it reflects 
rays of that species. Others, to whom this opinion 
seemed absurd, pretend that colours exist only in 
ourselves. This is an admirable way to conceal 
iterance; the vulgar might otherwise believe that 
Ihe scholar was not better acquaimcd with the nature 
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of coIooTB than themselTes. But yon will rMdily 
perceive tbat tiiese affected refinements are mora 
cavil. Every aimple colour (in order to distinguish 
from compound colours) depends on a certain nam- 
ber of vibrationg, which are perfonned in a certain 
time ; so that this number of vibrations, made in a 
second, determines the red colour, another the yel- 
low, another the green, another the blue, and anouier 
the violet, which are the simple colours represented 
to us in the rainbow. 

If, then, the particlea of the surface of certain 
bodies are disposed in Huch a mamier, that being 
agitated they make in a second ae many vibrations 
as are necessary to produce, for example, the red 
colour, 1 call such a body red, just as the clown 
does; and I see nothing like a reason for deviating 
trottt the common mode of expression. And rays 
which make such a number of vibrations in a 
Mcond may, with equal propriety, be denominated 
red rays; and finally, when the optic nerve is af- 
fected by these same rays, and receives from them 
a Diunber of impnlsions, sensibly equal, in a second, 
we receive the sensation of the red colour. Here 
every thing is clear ; and I see no necessity for in- 
troducing dark and mysterious phrases, which really 
mean nothing. 

The paraltel between sound and light is so perfect, 
that it holds even in the minutest circumstances. 
When I produced the phenomenon of a musical 
chord, which maybe excited into vibration by the 
resonance only of certain sounds, yon will please to 
recollect, that the one which gives the unison of the 
chord in question is the most proprr to shake it, and 
that other sounds affect it only in proportion as they 
are in consonance with it. It is exactly the same 
as to light and colours ; for the different colours coiv 
respond to the different musical sounds. 

at order to display this phenomenon, which com- 
pletely confinns my assertion, let a darii room b« 
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pMvided ; make a smaU aperture in one of the shut- 
ters ; before which, at some dislaijce, place a body 
of a certain colour, say a piece of red cloth, so that 
when it is illunjined its rays may enter by the aper- 
ture into the darkened room. The rays thus trans- 
mitted into the room will be red, ail other light 
being excluded ; and if you hold on the inaide of the 
room, oppoaiie to Ihe aperture, a. piece of cloth of 
the same colour, it will be perfectly illumined, and 
its red coloiir appear very brilliant ; but if you aub- 
Klitute in its place a piece of green clolh, it will re- 
main obscure, and you will bardly see any thing of 
il3 colour. If you place do the outaide, before the 
aperture, a piece of green cloth, that within the 
cnainber wilt be perfectly illumined by the rays of 
the first, and its green colour appear very lively. 
The same holds good as to all other colours : and I 
do not imagine that a more convincing demonstra- 
tion of the truth of my system can be demanded. 

We leam from it, that in order to illuminate a 
body of a certain colour, it is necessary that the 
rays which fall upon it should have the same colour ; 
those of a dilferent colour not beiii); capable of agi- 
tating the particles of diat body. This is further 
conlirmed by a well-known experiment. When the 
spirit of wine is set on fire in a room, you know that 
toe flame of spirit of wine is blue, that it produces 
only blue rays, and that every person in the room 
appears very j^Je — their facea, though painted ever 
BO deep, have the aspect of death. Tlie reason is 
evident ; the blue rays not being capable of exciting 
or putting in motion the red colour ot^ the face, you 
see on it only a feeble and bluish colour ■ but if one 
of the company is dressed iu blue, such dress will 
appear uncommonly brilliant. Now the rays of the 
sun, those of a wax taper, or of a common candle, 
illuminate all bodies almost equally ; from whence 
it is concluded that the rays of the sun contain all 
colours at once, though he himself appears yeUowisI^ 
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In troth, when you admit into a dark room the 
rays of all the simple colours, red, yellow, green, 
Wue, and violet, in nearly equal quantities, and blend 
them, they represent a whitish colour. The same 
experiment is made with various powders, coloured 
in like manner ; on being mixed together, a whitish 
colour is the result. Hence it is concluded, that 
white is not a simple colour, but that it is rather a 
compound of all the simple colours ; accordingly we 
aee that white is adapted to the reception of all 
colours. As to black, it is not properly a colour. 
Every body is black when its particles are such 
that it can receive no motion of vibration, or when 
it cannot produce rays. The want of rays, there- 
fore, produces the sensation of that colour ; and the 
more particles there are found in any body not sus- 
ceptible of any motion of vibration on its surface, 
the more blackish and obscure it appears.* 

IM My^ 1760. 

c 

LETTER XXIX. ^ 

Transparency of Bodies relative to the Transmission ' 
r of Rays^ 

I HAVE already remarked that there are bodies, 
SfQch as glass, water, and especially air, which trans- 
mit the rays of light, and on account of this prop- 
erty are denominated peUucid or diaphanous. The 
ether, however, is the medium in which the rays of 
light are formed, to Which this property most inti- 
mately appertains ; and other trans(Kuent bodies are 

* A •trooff objMtion to tbe theory of Euler, in nlation to tho eaose 
of coloar, arwM flrom the ftet that so slight a modlflcatioQ of the surface 
oft body as aeoat of paint ahottld so change itiT quality of ribration as 
10 oonTsrt It flrom oos which vibratea, so easily as to enuta bright whito 
Ufht, to one which will not ribrate at all, and which, therefore, appears 

ete black. We are not aware that sudi siiQpIe changes of surfhoe ino- 
« moBh flflbet 00 wnxA,^Am^ £tf. 
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endowed with it only by means of the ether which 
they contain, and with which they are bo blended 
that the agitations excited hy the light maybe com- 
municated farther without being interrupted in their 
progress. But this transmission is never performed 
so ^eeiy as in the pure ether, though it always loses 
something ; and this in proportion as the transparent 
body is more or less gross. The grossness may 
even become' so considerable that the light shall be 
wholly lost in it ; and then the body is no longer 
transparent. Thus, though glass be a transparent 
body, a great lump of glass several feet thick is not 
so. In like manner, however pure the water of a 
river may be, you cannot see the bottom where it is 
very deep, though you can very easily see it where 
it is shallow. 

Transparency, then, is a property of bodies rela- 
tive only to their thickness ; and when this property 
is ascribed to glass, to water, &c., it must always 
be understood with this restriction, that these bodies 
are not too gross ; and that to every species there is 
a certain measure of thickness beyond which the 
body ceasea to be transparent. There is not one 
opaque body, on the contrary, which may not itself 
become transparent, if reduced to a plate extremely 
fine. Thus, though gold is not transparent, gold 
leaf is so ; and on examining the mimiter particles 
of all bodies with a microscope they arc found to 
be transparent. It may then be with' truth afRmied 
that all bodies are transparent when reduced to a 
certain degree of (ineuess; and that no one is so 
when too gross. 

In common language we denominate transparent 
the bodies which preaerve this quality to a certain 
degree of thickness, though thev lose it when they 
go beyond that bound. But with respect to ether, 
It is of its own nature perfectly tran^arent, and its 
extent diminishes not this quality in the smallest 
degree. The prodigious distance of ths fixefi^Xxn 
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prevents not their rays from being transmitted to 
us. Bui though our air nppeors to be of a perfect 
transparency, if it extended as far as the moon, that 
transparency would be entirely lost, and would pre- 
vent every ray of the sun, and of the other 4ieavenly 
bodies, from penetrating to ua. We should then be 
involved in Egyptian d^knessi 

The reason of it is evident, and we remark the 
same thing in souod, whose resemblance to light in 
confirmed in every respect. Air is the most proper 
medium for the propagation of sound ; but the agi- 
tations excited in the air are capable of shaking also 
the particles of all bodies : and these again putting 
in motion the interior particles, finally transmit the 
vibration through the substance of all bodies, utdess 
they be too thick. There are bodies, then, which, 
relatively to sound, are the same thing which trans- 

Carent bodies are relatively to light ; and all bodies 
ave this property with relation to sound, provided 
they are not too thick. When you are in your 
^lartment, you can hear almost every thing that 
passes in the antechamber, though the doors are 
closely shut, because the agitation of the air in the 
antechamber communicates itaeif to the partitions, 
and penetrates through them into the inner apart- 
ment, with some loss, however. Were the partition 
removed, you would undoubtedly hear more dis- 
tinctly. Now the thicker the walla are the more 
of its force does the sound lose in piercing through 
them; and the walls may be made so thick that 
nothing could be heard from without, unless it were 
some terrible noise, such as a discharge of c:innon. 
This leads me forward to a new remark, that 



consequently, in order to form a judgment whether 
a wall is capable of transmitting sounds, it is neces- 
sary to take into ihe account, not only the Ihicluiess 
of the wbU, but likewise the strength of the sound. 
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If the sound ia very feeblti, a very thin wall is suffi- 
cient to stop it ; though a louder could find an easy 
transmission. The same thing holds as to bodies 
which are permeable only to a very strong; light. 
Objects not very brilliant are invisible through a 
glass blackened with smoke, but the rays of the sun 
force themselves through it, and it transmits per- 
fectly well the image of that luminary. Astrono- 
men employ this method to observe him'; for with- 
out such precaution he would dazzle the eye. And 
when you happen to be in a dark room, with an 
aperture in the shutter exposed tc " ' ' 



force themselves through. 
, It is perceivable, at the same time, that the light 
of the suD loses much of its lustre in passing through 
a body which, relatively to other objects, is not itself 
transparent. But a very strong light may lose much 
of its lustre before it is entirely extingiushed, while 
afeeblerlight islost at once. Apiece of very thick 
giaas, then, will not be transparent with respect to 
objects less brilliant, though the sun may be visible 
tliroogb it. 

These remarks on transparent bodies lead me to 
the theory of refraction, of which you have fre- 
qnently heard, and which 1 shall endeavour to place 
m its proper light. 

l9HiJuly,nBQ. 
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LETTER XXX. 

€f ike Transmission of Rays of Lights through transpa- 
rent Mediums^ and their Refraction. 

As long^ as light moves in the same medium, 
whether it be ether,' air, or any other transparent 
body, the propagation proceeds in straight lines, de- 
nominatea rays, as they diverge from the luminous 
point, in all directions, like the radii of a circle or a 
globe issuing from the centre. In the system of 
emanation the particles darted from luminous bodies 
mqve in straight hues : the same tlung holds in that 
which I have had the honour of proposing, in which 
the agitations are communicated in straight lines, as 
the sound of a bell is transmitted in a straight line, 
by which also we judge from what quarter the sound 
comes ; the rays in both systems, then, are repre- 
sented by straight lines, as long as they pass through 
the same transparent medium ; but they may undergo 
some bending, in passing from one to another; and 
this bending is called the refraction of the rays of 
light, the knowledge of which is necessary to ac> 
count for many phenomena. I proceed, therefore, 
to lay down the principles, in conformity to which 
refraction takes place. 

It is an invariable law, that when irv q 

a ray, such as E C, Fig. 8, falls ^«- "' 

perpendicularly on the surface A B 

of another medium, it continues 

its progress in the same straight ' * 

line extended, as C F ; it will, in 
this case,- undergo no. bending or >^ 

refraction. If, then, E C is a ray of the sun fall- 
ing perpendicularly on the surface A B of water, 
or of glass, it will enter it in the same direction, 
and continues its prpgress in the line C E, which 
is hkewise perpendicular to the surface A B, so 
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that E F shall be in one and the same straight 
line. This Ib the only case in which there is no 
refraclion. But as often as the ray does not fall 
perpendicularly on the surface of another trans- 
parent body, it does not pursue its progress in th« 
same straight line ; it recedes less or more from it, 
and undergoes a refraction. 

Let P C, Ftg. 9, be a ray, 
falling obliquely on the sur- 
face A B of another trans- 
parent medium. On enter- 
ing into this medium, it will 
not continue its progress in 
the direction of the line -' 
C Q, which is the line P C 

firoduced ; but will recede 
rora it in the direction of 
the line C R, of C S. It 
will undergo, then, at the 

Joint C, a bending, which we call refraction, which 
epends partly on the difference of the two me- 
diums, and partly on the obliquity of the direction 
of the r<iy P C. 

In order to comprehend the laws Df this bending, 
it is necessary to explain certain terras employed in 
treating this subject. 

1st, The surface A B, which separates the two 
mediums, ttiat from which the ray comes, and that 
into which it enters, is called the rrfractine surface. 
Sdly, The ray PC, which falls upon it, is caQedthein- 
eirfwil rat/t and, 3dly, the ray CR, or C 8, which pur- 
sues, in the other medium, a course different from 
C Q, is called the broken or refraeted ray. And hav- 
ing drawn through tfie surfnce A B the perpendicular 
Une E C F, we call, 4thly, the angle P C E, formed by 
the incident ray P C with the perpendicular E C, 
the an^t of incidence i and, Stbly, the angle RCP, or 
S C F, formed by the refracted C R or C S, with the 
perpendicular C F, is calted the angle «^ rtfraction. 
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Therefore, because of the bending which 
of light undergoes, the angle of refraction 
equal to the angle of incidence P C E ; fc^ 
ducing the line P C to Q, the angles P C E and - ^ 
being vertical, are equal to each other (Euclid ^^ 
ments, Book I., Prob. 15), as you will easily ya?^ 
lect. The angle Q C F, then, is equal to the angle <l 
incidence P C E ; therefore the angle of refractioi 
R C F or S'C F is greater or less. There are, theh^ 
only two cases which can exist ; the one, in which 
the refracted ray' being C R, the angle of refraction 
R C F is less than the angle of incidence P C E ; and 
the bther, in which the refracted ray being C S, the 
angle of refraction is greater than the angle of in- 
cidence P C E. In the former case, we say, that the 
ray C R approaches the perpendicular C F ; and in 
the other, that the refracted ray C S recedeij or de- 
viates from the perpendicular* 

It is necessary, then, to inquire in what cases the 
one or the other of these changes will take place. 
And we shall find that this phenomenon depends on 
the difference of the density of the two meoiums, or 
because the rays are transmitted with more or less 
diflSculty through each of them. - To prove this, it 
must be recollected that ether is of all mediums 
the most rare, and that through Mrhich rays are trans^ 
mitted without the shghtest resistance. After it the 
other common transparent mediums are thus ar- 
ranged : air, water, glass ; thus glass is a medium 
more dense than water, water than air, ^d air than 
ether. 

This being laid down, we have only to attend to 
these two general rules : 1st, When rays pass from 
a medium less dense into one which is more so, the 
refracted ray approaches the more, to the perpen- 
dicular. This i§ the case in which the incident ray 
being P C, the refracted ray is C R. 2dly, When the 
rays pass from a medium more dense to one less so, 
the refracted ray recedes from^ the perpendicular. 
This is the case in which the incident ray being 
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P C, the refracted ray is C S. Now, this bendins is 
prealer or less accorfingaB the two mediums differ 
in respect of density, Thua rays in passing from 
air into fflassundeT^ a greater refraction than when 
they pass from air mto water ; in both cases, how- 
ever, the refracted rajrs approach the perpendicular. 
In tike manner, raya paBsitig- from grlasa into air uD' 
derg^ a greater refraction than when they pass from 
water into air; but in these cases the refracted ray 
recedes from the perpendicular. 

FinaUy, it must likewise be remarked that the dif- 
ference between the snKle of incidence and the angle 
of refraction is so much greater, as the angle of m- 
cidence ia greater; or, as the incident ray recedes 
farther from the perpendic(ilar, the greater will be 
the bending or refraction of the raj". A relation be- 
tween all these angles exiets, and la determinable by 
geometry ; but it is not now neceraary to enter into 
the detail. What has been already said ia sufficient 
for understanding what I have further to propose on 
the BUbiect.* 

Sid My, 1760. 

LETTER XXXI, 

R^netim of Rayt of different Colcurt, 

YoD have seen that when a ray of light passes 
•bliqnely from one transparent medium to another, 
jt undergoes a bending, which is called refraction, 
and that the refraction depends on the obliquity of 
the incidence and the density of the mediums. I 
must now call upon you to remark, that diversity 
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of colotm occasions likewise a email variety in tbe 
refraction. This arises undoubtedly from the cir- 
cumstance that the rays which excite in us the sen- 
sations of different colours perform unequal num- 
bers of vibrations in the same times, and that they 
dilfer among themselves, in the same manner as 
sharper or flatter sotmds do. Thus, it is observable 
that rays of red undergo the least bending or refrac- 
tion ; after them come the orange ; the yellow, the 
green, the blue, and the vMel fallow in order ; so that 
violet-coloured rays undergo the greatest refraction ; 
it being always understood that the obliquity of the 
incidence and the density of the mediums are the 
same. Hence it is concluded that rays of difiereni 
colours have nut the same refrangibility ; that the 
Ted are the least, and the violet the most refrangible. 

If, then, P C Fig. 10, te a ray 
passing, for exaropie, from atr 
into glass; the angle of inci- 
dence being P C E, the refracted 
ray will approach the perpen- 
dicular C F ; and if the ray be 
red, the refracted ray will be in 
the direction C — red; if it be 
oronye, the refracted tay will be 
C — orange ; and so of the rest, 
as may be seen in the figure. 
All these rays deviate from the ' 
line C Q, which is P C produced, 
towards the perpendicular C F; but the red nj 
deviates the least from C Q, ot undergoes tbe least 
refraction, and the violet recedes the farthest from 
C Q, and undergoes the greatest refraction. 

Now If P C is a ray of the aim, it produces at once 
all the coloured rays indicated in the figure ; and if 
a piece of white paper is placed to receive them, 
you will in effect see all these colours ; hence it i» 
affirmed, that every ray of the sun contains at one» 
all the simple colours. The same thing happens if 
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P C is a ray of white, or if it proceeds from a white 
body. We see all the colours proiJuced from it by 
refraction, whence it is ooncluaed that while is aa 
assemblage of all the simple coloBrs, as we formerly 
abowed. In truth, we have only to collect all these 
coloured rays into a single point, and the colour of 
white will be the result. 

It is thus we discover what are the' simple colours. 
Refraction determines them inconte stably. In fol- 
lowing the order which it presents, they are these : 
1, red; S, -orange; 3, yellow; 4, ^een; G, blue; 6, 
violet." But it must not be imagined that there are 
but six ; for as difference of colours arises from the 
number of vibrations which rays perform in one and 
the same time, or rather the undulations which pro- 
duce them, it is clear that the intermediate numbers 
«<jual1]^ give simple colours. But we want names 
by which to designate these coloura; for between 
ydloa and green we evidently perceive intermediate 
colours, for which we have no separate names. 

In conformity to the same laws are produced the 
colours visible in the Tcmtbim. The rays of the sun, 
in passing through the drops of water which float 
through the air, are by them reflected and refracted, 
sndtherefractiondecompounds them into the simple 
colours. You must undoubtedly have remarked, that 
these coloura follow each other in the same order in 
the rainbow, the rerf, orangt, yellotr, great, blue, and 
violet I but we discover in it also all the intermediate 
colours, as shades of one colour to another ; and had 
we more names to distinguish these degrees, we 
Diigbt find more of them from the one extremity to 
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the other. A more copious language may perhaps 
enable another nation actually to reckon a greater 
number of different colours : suid angther, it may be, 
cannot reckon so many; if, for example, it wants a 
term to express what we call orange. Some to these 
add purple, which we perceive at the extremity of 
the red, but which others comprehend under the 
same name with red. > 

C. _ D. E. F. G. A. B. 

O g <1 ^ 
w 2 ? 5? 

These colours may be compared to the notes of 
an octaye, as I haye done here, because the relations 
of colours, as well as those of sound, maybe expressed 
by numbers. There is eyen an appearance, that by 
straining the yiolet a little more, you may come round 
to a new purple, just as in rising from sound to sound, 
on going beyond B you come round to c, which is 
the octaye aboye C. And as in music we giye to 
these two notes the same name, because of their 
resemblance, the same thing takes place in coloursi 
which, after haying risen through the intervals of aa 
octave, resume the same names ; or, if you will, two 
colours, like two sounds, in which the number of 
vibrations in the one is precisely the double of the 
other, pass for the same^ and bear the same name. 

On this principle it was that Father Castel, in 
France, contrived a species of music of colours. He 
constructed a harpsichord, of which every key dis- 
played a substance of a certain colour ; and he pre- 
tended that this harpsichord, if skilfully touched, 
would present a most agreeable spectacle to the eye. 
He gave it the name of the Ocular Harpsichord^ and 

* An account of Father Ca^a» Ocalar Harp«ictionl will be foand in 
Dr. Breweier^ Tnqtife on the Kaieidotcope, p, iSl.—MiL 
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you must undoubtefliy have lieard it talked of. For 
my part, painting rather seems to he that to the eye 
' vnich rausic is to the ear ; and I greatly douht 
whether the representation of several shreds of cloth 
of different colours could be very agreeable. 
97/A July,n0O. 



LETTER XXXII. 
Of the Azwt Colour of the Btaoens. 

Yoir have just seen, that the cause of the viHibility 
of objecta is a motion of vibration extremely rapid, 
by which the minuter particles of their surfaces are 
agitated, and that the frequency of these vibr&tions 
determines the colour. 

It is the Bame thing whether these particles be 
agitated by an intrinsic force, as in luminous bodies, 
or Whether they receive their agitation from ilhimi- 
nation, or from foreign rays, oy which they are 
illumined, as in opaque bodies. The frequency or 
r^idity of the ribralions depends on the grossness 
of these particles, and on their elasticity, aa that of 
the vibrations of a musical string depends on its 
thickness and degree of tension : thus, as long as 
the particles of a body preserve the same elasticity, 
they represent the same colour, as the leaves of a 

Slant pteserve a green colour as long as they are 
:esh ; but when they begin to dry, the difference of 
elasticity which then takes place produces likewise 
a different colour. This subject I have already dis- 
cussed. I now proceed to explain why the heavens 
appear to us of a blue colour tn the daytime. 

On observing this phenotnenon with a vulgar eye, 
it would appear that we are surroiuided by a pro- 
digious vatut of azure, as painters represent the sky 
on a ceiling. I have no occasion to undeceive you 
fespecting this prejudice : a small degree of redec- 
LS 
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tion is safficient to make you comprehend that the 
heavens are not an azure vault, to which the stars 
are affixed like bo many luminous Btuda. You are 
perfectly convinced that the stars are immense 
Bodies, at inconceivable diatances from us, and which, 
move freely through a space almost void, or which 
is filled oiUy by tnat subtile matter called ether. 
And I will show you that this phenomenon is to be 
ascribed to our atmosphere, which is not perfectly 
transparent. 

Were it possible to rise higher and bigtacT above 
the surface of the earth, the atr would become grad- 
ualljr more and more rare, till it ceased to assist 
respiration, and would at length entirely cease; we 
should then have reached the region of pure ether. 
Accordingly, in proportion as we ascend on moun- 
tains, the mercury in the barometer continues to 
fall, because the atmosphere becomes lighter and 
lighler ; and then likewise it is remarked, that the 
azure colour of the heavens becomes fainter; and 
were it possible to mount into pure ether, it would 
entirely disappear: on looking upward, we should 
see notbing at all, and the heavens would appear 
black as night j for where no ray of light can reach 
us, every thing wears the appearance of black. 

There is good reason, then, for asking. Why the 
heavens appear to be blue < This phenomenon could 
not exist were air a perfectly transparent medium, 
as ether is : in that case, we should receive from 
above no other rays but those of the stars : but the 
lustre of daylight is so great that the feeble light 
of the stars is absorbed by it. You could not per- 
ceive the flame of a taper in the day-time at any con- 
siderable distance ; but that same flame in the niffht 
. would appoar very brilliant at mucji greater dis- 
tances. This clearly proves, that we must look for 
the cause of the azure colour of the heavens in the 
want of transparency in the air. The air is loaded 
with a great quantity of small particles, which am 
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not perTectty transparent, but which, being illumi- 
Tiated by the rays of the sun, receive from them a 
motion of vibration, which producea new rays proper 
to these particles ; or else they are opaque, and be- 
come visible to ub from being iilumined.* - 

Now, the colour of these particles is blue ; and 
this explains the phenomenon: the air contains a 
great quantity of small blue particles : or it may be 
said that its minuter particles are bluish, but of a 
colour extremely delicate, and which becomes sen- 
sible to us only in an enormous mass of air. Thus, 
in a room, we perceive nothing of this blue ; but 
when the bluish rays of the whole atmosphere pene- 
trate our eyes at once, however deUcate the colour 
of each singly, their totality may produce a very 
deep colour. 

This is confirmed hy another phenomenon, with 
which you must be well acquainted. If you look at 
a forest, from a moderate distance, it appears quite 
green ; but in proportion as your distance increases. 
It acquires a bluish cast, and this gradually becomes 
deeper and deeper. The forests on the mountains 
of Hartz, which may be seen fhmi Magdeburg, ap- 
pear thence to be blue, but viewed from Halberstadt, 
they are green. The great extent of air between 
Magdeburg and these mountains is the reason of it. 
However delicate or rare the bluish particles of the 
air may be, there is such a prodigious quantity of 
them in that interval, the rays of which enter into 
the eye at once, that they represent a tolerable deep 
bJue.t 
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We remark a similar phenomenon in a fog, when 
tne air is loaded with a great quantity of opaque 
particles of a whitish colour. On looking only to 
a small distance, you scarcely perceive the fog; but 
when the distance is considerable, the whitish colour 
becomes very perceptible ; to such a degree that it 
is impossible to see through it. The water of the 
sea appears green at a certain depth ; but when you 
take up a small quantity, as much, for instance, as a 
glass will contain, it is sufficiently diaphanous, and 
has no sensible colour : but in a great extent, when 
you look towards the bottom, so many greenish rays 
collected produce a deep colour. 

27th July, 1760. 



LETTER XXXIIL 

Cf Rays issuing from a distant luminous Point, and 

of the Visual Angle, 

As long as the rays produced by the rapid vibra- 
tion of the minuter particles of a body move in the 
same transparent medium, they preserve the same 
direction, or diffuse themselves in all directions, in 
straight lines. These rays may be represented by 
the radii of a circle, or rather of a sphere, whicli, 
issuing from a centre, proceed in straight lines to 
the circumference ; and it is on account of this re- 
semblance that we employ the same term radius, or 
ray, to express them, though, properly speaking, the 
light does not consist of lines, but of very rapid 
viorations, going continually forward, in the direc- 
tion of straight lines; and, for this reason, light 

Switsttrland, and the fine blue cnloar of the Rhone, in iMVing oat of tbt 
Lake of Oen«v«.— Aii. 

The colour of the wnter, besuti(\iUy trannpiiTv^nt as it imoet wilk 
great reioclty (kom the lake, is more green than blue.— ^m. Ei. 
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way be considered as straight lines, issuing rrom a 
luminous point, in all directions.* 

Let C, Fig. n. be tilun\iuoua Fig. 11. 

point, from which rays iesue in all 
-directions. Let two spheres be 
described round C, as a centre, of 
the one of which, let the great , 
circle he a b d e, and of the other 
A B D E. The light dilTused over 
the surface of the smaller sphere 
a b d r will likewise occupy that 
of the greater sphere A B D E. The Ught, then, 
must be more faint and weak at the surface of ihia 
last than at that of the smaller sphere a b d e. 
Hence it may- be concluded, that the effect of light 
must be smaller in proportion to the distance from 
the luminous point. If we suppose that the radius 
of the greater sphere is double that of the smaller, 
the surface of tne greater sphere will be four times 
ae great. Since, therefore, the same quantity of 
light is dilTused over the surface of the greater 
sphere, and over that of the smaller, it must follow 
triat light at double the distance is four times more 
faint ; at thrice the distance, nine times ; at a quad- 
ruple distance, sixteen times ; and so on. 

On applying this rule to the light of the sun, it 
will appear, that if the earth were removed to double 
the distance from the sun, the light derived from 
him would be rendered four times more faint ; and 
if the sun were a hundred limes farther from us, 
his brightness would be a hundred limes a hundred, 
that is, ten thousand times leas. Supposing, then, 
& fixed star to be as great and as luminous as the 
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srni, but that it was 400,000 times farther from us, 
its light will be 400,000 times 400,000, that is, 
160,000,000,000 times more faint than that of the 
sun. Hence we see, that the light of a fixed star is 

nothing compared to that of the sun ; and this is the 
reason that we do not see the stars in the daytime ; 
as a feebler light always disappears in presence of 
one much more bright. The same thing holds good 
with respect to candles, and all other lumiaoua 
bodies which administer less light in proportion to 
their distance from us ; and you must have frequently 
remarked, that however strong a light may be, it is 
insufficient to assist us in reading a printed book, if 
you remove from it to any considerable distance. 

There ia still another circumstance closely con- 
nected with what I have just observed, namely, 
that the same object appears smaller to us in pro- 
portion to ils distance. A giant at a great dis- 
tance does not appear taller than a dwarf near us. 
To form a clearer judgment of this, it is necessary 
to attend to the angles at which these objects are 
seen by us. 

Let us suppose, then, Fig. IS. 

A B, Fig. 13, to be an 
object, for example, a 
man, and that the eye 
looks nt it from the 
point C. Draw from 
that point the straight *" 
lines A C and B C, 
which represent the 
extreme rays proceeding from the object to the eye ; 
we call the angle formed at C the visual angle of 
that object for the point C. If we look at the same 
object from a smaller distance, at D,th<r visual angle 
D will be undoubtedly greater : hence it is clear, 
that the more distant the same object is, the smaller 
is Its visual angle ; and the nearer it approaches, its 
visual mgie becomes greater. 
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havo foand that the visual an:;!'' of ihe si 
what more than half a degree. If the sun were 
twice as far from us, this angle would be reduced 
to the halfi and then it will not seem surpnsinz 
that it should furnish us four times less light. And 
if the sun were 400 times farther ofT, his visual angle 
would become so many miles leas, and then that 
luminary would appear no greater than a star. We 
must therefore carefully distinguish the apparent 
greatness of any object from its real greatness. 
The first ia always an angle greater or less, accord- 
ing as the object is nearer or more distant. Thua 
the apparent greatness of the sun is an angle of 
about half a degree, whereas his real magnitude far 
surpasses that of Ihe earth; for the sun being a 
globe, his diameter ia estimated to be shout 700,000 
English miles, while the diameter of the earth is 
only 7919 English miles. 
asth My, 1760. 



LETTER XXXIV. 
0/ the Atsitlance a/iich Judgment lends to Vi*iwt. 

What I have now submitted to you on the phe- 
nomenon of vision belongs to optics, which la 3 
branch of mixed mathematics, and which likewise 
holds a consfderable rank in physica. Besides 
colours, the nature of which I have endeavoured 
to explain, it is the business of optics to treat of the 
manner in which vision is performed, and of the 
different angles under which objects are seen. 

YoiL must have already remarked, that the same 
object may be viewed, sometimes under a greater 
visual angle, sometimes under a smaller, as it is less 
or more distant from ue. I say, further, that a 
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small object may be viewed under the same angle as 
a great one, when the former is very near, ai^ the 
latter very distant. A BmaU dish maybe placed be- 
fore the eye in such a manner aa to cover the whole- 
body of the sun ; and, in reality, a plate of half a 
foot diameter, at the distance of 64 feet, exactly 
covers the sun, and is seen under the same angle ; 
and yet what a prodigious difference is there be- 
tween the size of a plate and that of the sun. The 
full moon appears to us under nearly the same risual 
angleasthesun, and of consequence, nearly as great,, 
though really much smaller; but it is to be conaid- 
cred that the sun is almost 400 times more remote 
from us than the moon. 

The visual angle is a point of so much the more- 
importance in optics, that'the Images of the objects 
which paint themselves on the bottom of the eye 
depend upon it. The greater or less the visual angle 
is, the greater or less they (the objects) are great, 
or little. And as we see objects out of ourselve» 
only so far as their images are painted on the bot- 
tom of the eye, they constitute the immediate object 
of vision or sensation. One of these images, there- 
fore, leads us to the knowledge only of three things. 
First, its figure and its colours conduct to the con- 
clusion, that there is, out of us, a similar object of 
such a figure, and such a colour. Secondly, its- 
magnitude discovers the visual angle under whick 
the object appears to us; and, finally, its place oni 
the bottom of the eye malies us sensible of the 
direction of the external object relatively to us, or' 
that in which the rays emitted from it reach oar 

In these three particulars consists the phenoms' 
. non of vision ; and we only perceive, 1st, the figure 
and colours; Sdly, the visual angle, or the apparent 
Riagnitude ; and. 3dly, the direction, or the place in 
which we conclMdc ihal the object exists. Viskm, 
then) discovers to us nothing respecting either th« 
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TeBlmBgiutudeofobJecta,ortheirdlataiiceB. lliouffh 
we Tieqaently imaguie that we can detennine by tha 
eye the iDagmtude and distance of an abject, this 
is not an act of visioa, bat of the understanding. 
The othei senaes, and habits of long standing, en- 
able lis to calculate at what dietance an object is from 
us. But this faculW extends only to objects at no 
great distance. Whenever their distance becomes 
considerable, our judgment cannot exercise itself 
with certainly; and if sometimes we Teature to 
hazard a decision, it is g«neraUy very remote from 
the truth. 

Thus, uo one can pretend to 6ay that lie sees the 
magnitude or the distance of the moon ; and when 
the vulgar imagine they can judge of the first, by 
considering it as equal to that of the terrestrial 
bodies which are seen under the same angle, it is 
not by vision they are deceived, but by their judg* 
ment, which they wajit to apply to an object far be- 
yond their reach. It is certain, therefbre, that the 
eyes alone can determine nothing respecting the 
distance and magnitude of objects. 

To this subject may be referred tl|e very remark- 
able case of a man bom blind, who obtamed sight 
by means'of an operation, at an advanced period of 
life.* This person was at first dazzled; he could 
distinguish nothing as to the magnitude and diatanc« 
of objects. AU objecta appeared so near that he 
wanted to handle tbem. A considerable time and 
, long practice were requisite lobring him to the real 
use of eight. He was under the necessity of serving 
a long apprenticeship, snch as we perform during 
the term of childhood, and of which we afterwai4 
preserve no recollection. 

This it is which instructed us, that an object ap- 
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pears to us so much the more clear and distinct bb 
it is nearer; and reciprocally, that an object which 
appears clear and distinct ia near; and when it ap- 
pears obscure and indistinct, that it is at a distance. 
It is thus thai painters, by weakening the tipts of 
the objects which they wish to appear remote, and 
Blrenjjthening those which they would represent as 
nearer, are enabled to determine our judgment con- 
formably to the effect which they mean to produce. 
And they succeed so perfectly, that we consider 
some of the objects represented in painting as more 
distant than others, an illusion whidi could not take 
place if vision discovered to ub the real 'distance 
uid magnitude of objects. ■ 
Ul August, 1760. 



LETTER XXXV. 
ErpUmation of certain Phenomena relatiet to Optic f. 
Yds have just seen, that vision alone discovers 



we see, whether as to the distance or magnitude of 
any object, is the effect of judgment. We must 
carefully distinguish that which the senses repre- 
sent to us, from what judgment adds, in which we 
frequently deceii'e ourselves. Many philosophers 
who have declaimed a^inst the accuracy of the * 
senses, and who meant thence to infer the uncor- 
taintyof all human knowledge, have conroimded the 
proper representation of our senses with judgment. 
This is their mode of reasoning : We see the sun 
no bigger than ri trencher, though it be inlinitely 
greater; therefore the sense of seeing deceives UB) 
tticrefore all our senses deceive us ; at least, we can- 
not depend on Ihcm ; therefore, all the knowledge 
we acquire by means of the senses is uncertauot 
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and probably false : we therefore know nothing. 
Such ie the reasoniny of these skeptics, who boast 

BO vain gloriously of their ingenuity ; though there 
be notMog so easy as to say that every thing is un- 
certain ; and the greatest duQce may make a shiuing 
figure in this sulAitne philosophy. But it is abso- 
lutely false that the sight represents to us the sun 
no bigger than a pewter plate: it determines nothing 
whatever respecting his .magnitude; it is our judg- 
ment alone that deceives us. When the objects, 
however, are not very distant, we can pronounce 
with lolerabfe exactness on their dinieusiona and 
distances; andthe other senee3,joined to the degree 
of clearness with which we see these same objects, 
render our judgments sufficiently certain. Now, as 
soon as we have the idea of the distance of an object, 
we form to ourselves, likewise, that of its real mag- 
nitude, knowing that it depends on that distance. 
Hence, the more distant we reckon an object to be, 
the greater we conchide is its ma^itude : and re- 
ciprocally, the nearer wo conclude it is, the smaller 
we suppose it. We, of course, frequently take one 
body tor another of much greater magnitude, when 
a suspension of judgment prevents our taking dis- 
tance into the account. The reason is, that a very 
large body may be seen at a great distance, under 
the same angle as a small object placed near us. 

There is another phenomenon well known to 
every one, and which has given occasion to many 
disputes among the learned, and which it is now 
perfectly easy to explain. The full moon appears 
to every eye at the time of her rising to be much 
greater than when she has got to a considerable 
Eei^t above the horizon, though the visual angle 
of tiie apparent magnitude be the same, The sun, 
too, at the time of rising and setting, appears to 
every one greater than at noon. What then is the 
foundation of this judgment, so universal, and so 
^iae > It is undoubtedly because we Judge the sua 
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and tbe moon in Ibe horiion to be at a f^ater di*. _ 

tance from us than when they have got to a connd- 

erable height. 

But how come we to forni such a judgment ! The 
common answer is, that when the son and the moon 
are in the horizon, we perceive a great many <AJects 
between them and oS which seem to increase their 
distance ; whereaa, when the sun and moon hav« 
risen to a gteat heigbt, we perceive nothing between 
them and lis, and therefore conclude that they ar« 
nearer. I know not whether this explanation will 
be satis fticlory. It may be objected, fliat an empty 
apvtment appears greater than one completely fuT' 
nished, though the siie be exactly the same ; aevend 
intervening objects, therefore, do not alwaya lead tii 
to imagine that one more remote ia at a greater dis- 
tance than is really the case. I 11att«r myself that 
tbe following aolution vrilt be deemed more natural 
and better founded. _ . 

LetthecircleA,FJ^.13,repre8ent 
the earth, and the dotted circle the 
atmosphere or air with which the 
earth is surrounded ; suppose your- 
self stationed at the point A, if / 
the moon is in the horizon, the | 
rays will reach yon in the direc- ■ 
tion of the line B A ; but in her 



case tne rays pass through the greater space B A, 
and in the second case through the smaller apace 
C A. Now you will please to recollect, that the rays 
of light which pass through a transparent'medium 
have their force diminished in proportion to- the 
length of the passage. 'ITie atmosphere or air, then, 
being a transparent medium, the ray B A must in its 
passage lose much more of its force than the ray 
CA. Hence it follows in general, that allthec«lea- 
tial bodies appear much lesa brilliaot in tbe hniiton 
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than when fully risen and elevated. We are able 
to look directly even at the sun when he ia in the 
horizon; but when once he has gained a certain 
height, tiie eye is constrained to shrink from his 
Uistre. 

I conclude from this that the moon, too, appears 
less briliiatit in the horizon than when elevated.* 
Now ^ou will Tocollect what I said a little above, in 
speaking of effect in painting, that the earae object 
appears to us more distant when its light is weak- 
ened : the moon, then, being in the horizon, must 
appear more distant than at any point of elevation. 
Tiie consequence is obvious; us we judge the dis- 
tance of the moon greater in the horizon, we must 
likewise judge her magnitude greater. And in gen- 
eral all the stars, when aear the horizon, appear 
to US ^ater, because their apparent distance is 

, 3d Augtut, 1760. 
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LETTER XXXVI. 
()f Shadow. 

I EAVc endeavoured to explain almosf all that ia 
nsually treated of in optics. All that renuuns is lo 
speak of shadow. You already know too well vhat 
is meant by shade or thadowi, to render it neceMuy 
for me to dwell long on the subject. Shadow alwayi 
' supposestwothinj^: ah]minousbody,andaDop>que 
body which doea not transmit the raya of light. 
The opaque body, then, preTenta the rays of a lii> 
minous body from getting behind it, and the apace 
^Fhich the i^ys cannot reach from thia interception 
ia called the shadow of the opaque body; or, whit 
comes to the same thing, shadow includes all that 
space in which the luminoua body is not to be Miso, 
liccause the opaque body obelructs its lays. 

LelA,/V.14, Fig.U. 

be a luminoua ^ 

point, and B C 
D E an opaque 
body. Draw the 
extreme raya A 
B M, A D N, 
touching the o- 
paque body. It 
18 evidant that 
DO ray of light " 
proceeding from A can penetrate into the spacs 
M B E D N ; and in whatever point within that apacs 




of the opaque body; and we see that it is contin- 
ually increasing;, and may extend to infinity. Buf 
if the body from which the rays proceed be itself 
of great ma^tude, the determiaation of the shadow 
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w somewhat different. There are three cases which 
demand consideration ; the firet is, when the liimi- 
DOUB body is lesa than the opaque ; the second, when 
they are eqnat; and the third, when the luminous 
body is the greater. The first C3«e is that which 
we have now been considering, in which the light 
is smaller than the opaque body. 

The second is j^ jg 

represented in Fij. K, jj_ __„ 

15, where the la- A ~A * 

minous body A is U 'l" 

of the same raag- i 1 ■■ 

nitude with the 

opaque body B C E D. If you draw the extreme rays 
A B M, A E N, the space M B E N will be shaded, 
and through the whole of that space it will be im- 
possible to see the luminous body. You see like- 
wise that the lines B M and E N are parallel, and 
that the shadow extends to infimty, always preserv- 
ing the same breadth. 

The third jev-. le. 

CBSQ,is exhib- 

itedinFig-.lC, , 
where the lu- [' 
minous body \ 
A A is great- 
er than- the 
opaque body 
BCED. The 
extreme rays 
tODching the 
opaque body 
in B and E, if 
produced, will 
meet in the 
point 0, and 

the .^pace of the shadow B O E becomes finite, and 
tennbiates in 0. The shade in this case is termed 
conical. It is only into this space that the light baa 
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no admisaioQ, and in which it is impossible to see 
the Inminoua body. To this third case belongs the 
shadows of the cetcHtial bodies, which are much 
emaller than the luminous body which enUghlena 
them, namely, the sun. 

We have here, then, another diiiplay of the Crea- 
tor's wisdom. For if the sun were smaller than 
the planets, their shadows would not be terminated, 
but extend to infinity, which would deprive immeuse 
spaces of the beneRt of the sun's light. But the 
magnitude of that luminary surpassing by ao many 
times that of the planets, their shadows are con- 
tracted to very narrow bounds, from which alone the 
light of the. sun is excluded. 

It is thus that the earth and the moon project 
their conical shadofrs ; and the moon may occaaion- 
ally plunge into the shadow of the earth either par- 
tially or totally. When this takes place, we say the 
moon is eclipsed, either wholly or in part. In the 
former case we call it a. total eclipse of the moon ; 
in the other, a partial eclipse. The moon likewiso . 
projects her shadow, but it is smaller than that of 
the earth. It may happen, however, that the shadow 
of the moon should extend as far as to the earth ; 
Bod then those who are involved In that shadow 
undei^o an eclipse of the sun. An eclipse of the 
BUD, then, takes place when the moon, interposing, 
pi-events our seeing the sun wholly, or in part. Wo 
see not the sun by night, though there be no eclipse ; 
but we are then in the shadow.of the earth, wnich 
causes our greatest obscurity. 

Hitherto we have considered only the cases in 
which the rays of light are transmitted in straight 
lines, which is the professed object of optics. But 
it has been already remarked, that the rays of light 
are sometimes reflected, and sometimes broken or 
refracted. You will recollect, that when the ray« 
fall on a well-pohshed surface, such as a mirror, they 
lire reflected from that surface ; and when they past 
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from one tnuieparent medium to another, they tm- 
dergo refraction, and are in some sense broken. 
Hence arise two other sciences. That which coo- 
sidera vision in reference to reflected rays is called 
eatoptrica; and that which has for its object vision, 
in reference to broken or refracted rays, is termed 
dioplnci. Optics treat of vision relatively to direct 



they disclose Jjhenomena wfuch are every day pre- 
senting themselves,and of which it is of importance 
to investigate the causes and the properties. Every 
thing relating to the subject of vision is, beyond 
contradiction, an object highly worthy of exciting 
curiosity, and of engaging attention. 
UA Augmt, 1760. 
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CiTcimKB treat of vision relatively to reflected 
rays. When rays' of light fall on a well-polished 
surface, they are reflected in such a manner that ths 
Bugles on aU sides are equal among themselves. 

To set this in a ■ _ 

dear light, let A B, 
Fig. 17,bethesnr. 
face of a common 
mirror, and P a lu- 
minonBpotnt,whose 
raya P Q, P M. 
P m, fall upon the 
mirror. Of all these 
rays, let PQ be that 
which falls, perpen- 
dicularly OR the 
mirror, and which has this particular and ramarbdAK 
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property, that it is reflected upon-itaelf in the direc- 
' tion of Q P ; just as on a billiard-table, when the 
ball is struck perpendicularly against the ledge, it is 
"ed in the self-same direction. But every other 
a P M, ia reflected in the line M N, in such a 
manner as to make the angle A M N equal to the 
angle B M P ; in which it is to he remarked, that 
the ray F M is named the incident ray, and M N the 
reflected ray. In like manner, to the incident rav 
~ ■■■ ...... ^^ 



n will correspond the reflected i 



and the ray P m in the direction of mn, so that wo 
have the angle A M N equal to B M P, and the 
angle Am n equal to the angle B m P. This prop- 
erty is thus enounced: T/ie angle of Tefiection U 
altcayi equal to the angle of incidence. 

I have already taken notice of this striking prop- 
erty; but my deeign at present is to show what 
the phenomena in vision are which result from it. 
First, it is evident that an eye placed at N will re- 
ceive from the luminous pomt P the reflected ray 
M N ; thus the ray which excites in that eye the 
sensation of the twdy from whence it proceeded 
comes in the direction M N, just -as if the object P 
were in some point of that line; hence it follows 
that the eye must see the object P in the direction 
NM. 

In order the more clearly to elucidate this fact, 
we must have recourse to geometry; and you will 
recollect with pleasure the propositions on which 
the foUowiniir reasoning is founded. Let the perpen- 
dicular ray P Q be produced on the other side the 
mirror to R, so that Q' R shaU- be equal to P Q ; I 
will show you that all the reflected rays M N and 
m ft, being produced behind the mirror, must meet 
in that point. For, taking the two Iriangles P Q M 
and R Q M, they have first the side M Q commoo 
to both \ then the side Q R was made equal to the 
tide P Q ; and, finally, the angle P Q M being a right 




OF CATOPTRICS, ETC. 148' 

Bnsle, its adjacent an^le R Q M must likewise be a \ 
riffit angle (Euclid's Elements, Book 1. Prop. 13). '; 
Therefore these two triangles, having' each an equal ' 
angle contained by two equal sides, shall' be everjr 
way equal (Eaclid, Book 1. Prop. 4) ; and conse- 

Suently the angle P M Q equal to the angle R M Q. 
lut the angle A M N, and the angle R M Q, beioff 
vertical, are equal to each other (Euclid, Book L 
Prop. 15) ; therefore also the anele A M N shaU 
be equal to the angle P M Q; that is, the angle 
of reflection shall be equal \a the angle of inci- 

In the same manner it ia demoiist rated, that the 
reflected ray m n, being produced, would likewise 
pass through the point R, and consequently produce 
m the eye the'same effect as if the object P were ac- 
tuallyplaced behind the mirror at S, ihia point being 
in the perpendicular P Q R, at the same distance as 
P from the surface of the mirror, but on difTerent 
sides. This will enable you to comprehend clearly 
why mirrors represent objects as if they were 
behind them ; ana why we judge that these objects 
are placed aa far behind the surface of the mirro; as 
they really are before it. It is thus that the mirror 
tranaporls objects into another place, without chang- 
ing their appearance. To distinguish in the mirror 
the apparent object from the real, we name the ap- 
parent object the image, and we say that the images 
represented by reflected rays are behind the mirror. 
This denomination serves to distinguish real objects 
from the images of them represented in mirrors; 
and the images which we see in mirrors are per- 
fectly equal and similar to the objects, with this ex- 
ception, that what in the object is on the left appears 
in the image on the right, suid reciprocally. Thusa 
person wearing his sword or the left side, appears 
with it in the mirror on his right. 

PVom what has been said, it is always easy to 
settle the irosge of any object whatever behind the 
niiiTor. 
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■.18,bemK 
a mirror, and E F an 
object, say an arrow: 
draw from the points E 
and F the perpendicu- 
lars E G and F H, to 
the surface of the mir- 
ror, and produce these 
to e and /, so that E G 
shall be equal to e G, 
aiidFHto/H,«/will 
be the image sought, 
which will be equal to 
the object E F, because 
the quadrilateral figure 

G e/H is in all respects equal to the quadrilateral fig- 
ure G E F H. It must be still farther remarked, that 
were you even to cut olf from the mirror a part, a» 
C B, and A C was the mirror, the image ej would 
not be changed. And consequently, when the mirror 
isnot sufficiently large to admit the falling of the per- 
pendiculars E G and F H upon it, we must suppose 
the plane of the mirror to be extemled, as we produce 
lines ingeomelry when we want to let fall peipendic- 
ulara upon them. What J have said respects only 
common mirrors, whose surface is perfectly plain. 
Convex and concave mirrors produce different effects; 
7M August, 1760. 
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Etbrv thing relating to the reflection of rays ii 
reduced, as you have eeen, to two things \ the one 
of which is the place of the image which the reflected 
rays repreaeiit; and the other the relation of the 
image to the object. In ordinary or plain mirrors. 
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Ike image of tke object is behind lbs ortmr, at t 
diotuice equal to that of the object before the mit. 
nr, and it i* eqaal and simitar to the object. To 
both of these circum stances we must attend when 
the mirror is nol pl^n, but when tta surfiice ia con- 
vex or concave ; for in either case the image ii, for 
the moat part, atranffely disfigured. You must fi'a- 
quently have remajked that on presenting any ol>> 



interior surface, which is concave, or from its exte- 
rior, which is convex. 

A globe of silver, Hnely polished, repeaenta ob- 
jects with sufficient accuracy, but in miniature. If 
the Interior surface of the globe ia well polished, 
objects appear upon il magnified; provideo always 
tut they are not too distant. For the same object* 
may likewise appear smaller and Inverted, if tliey are 
reiDored far from the mirror. There is no occaaioB 
to take a whole globe ; any part of its sur^ce what- 
ever produces the same effect. Thrise mirrors an 
denominated spherical ; and there are two sorts of 
them. The one is convex and the other concave, 
according as they are taken on the exterior or inte- 
rior surface of the sphere. They are compouiiiled 
of various metals, susceptiUe of a fine p«riiah; 
whereas plain mirrors are made of a plate of glass, 
and covered on one side with a preparation of mer- 
cury, designed to atop the passage of the ray^ and 
to reflect them. I begin with convex mirrors. 

hetACB,Fig.l9. Fig. 19. 

be a mirror, the seg- * 

flunt of a sphere, ^ 
whose centre is O. 
If you place before 
tUa mirror an ob- 
ject E, at a great 
dtetance, its image 
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appear behind 
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the mirror, at the point D, the middle pofait ot 
the radius of the sphere C G ; and the magnitude 
of tliis image will oe to that of the object in the 
relation of the hnes C D and C E ; it will there- 
fore be in this case much smaller than the object, as 
the line C D is in efiect much smaller than the line 
C B. If the object £ approaches to the mirror, bo 
likewise will its imane. This is all deraonstrabia 
on geometrical principlea, by auppoaing that any in- 
cident ray whatever, aay E M, is reflected in the 
direction of M N, so tliat the angle B M N may be 
equal to the angle C M E. Thus, when the eye is 
at N, recei*ing the reflected ray M N, it will see the 
object E, according to that direction, and will ob- 
•erve it in the mirror at the point D ; or, in otlier 
words, D will be the image of the object placed at 
E, but smaller. It ia likewise easy to see, that the 
smaller the sphere is, of which the mirror is a seg- 
ment, the more Ukewise is the image diminished. 

1 proceed to conca*e mirrors, the use of which is 
very common on many occasions. Let A C B, 
Fig. 80, be a mir- p. ^ 

ror, formmg part . ^ 

of a sphere, whose 
centre is G, i--* 
GCaradiua. I 
ns suppose an ob- 
ject E very dis- 
tant from the mir- 
ror, its image will 
appear before the 
mirror at D, the middle pointof the radius C G; for 
any ray of light whatever, E M, from the object E, 
falling on The surface of the mirror at the point M, 
will be reflected thence in such a manner as to pass 
through the point D ; and when the eye is placed at 
N,it will see the object at D ; but this image will l^ 
to the object in the ratio of C D to C E, and couae- 
ipiently in this case smalleT than it. And when yoa 
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hrtng dm oUect nearer to the mirror, the iniag« n- 
brea ; the object bems plnced even at the centre G, 
the image is there likewise. If yoa bria^ the ob- 
ject still forward to D, the image will retire mfinitely 
DeyODd E. But if the object be placed still farther 
forward, between C and D, the image will fall behiud 
the mirror, and aopear greater than the object. 

When you looK at yourself in such a mirror, at 
some point between D and C, your face will nppear 
frightrull][ lar^. This ia explained by the nature 
of reflection, in virtue of which the ancle of inci- 
dence E M A is always equal to the angle of reSec- 
Uon C M N. To this species must be referred burn- 
ing mirrors, and every concave mirror may be em- 
ployed to bum. This remarkable property merits a 
more particular explanation. 

Let AB C, J^. ai,be aconcavemirror, 
whose centre is G, and instead of the ob- *^^LZ^- 
ject, let the sun be at E i hie reflected i 
raya will jepresent the image of the sun at 
D, the middle point between C and G. 
Now, the magmtude of this image will be 
determined by the extreme rays S C, S C. 
This imase of the sun will be acconlingly 
very sroul : and as all the rays of the sun 
which fall on the mirror A B Care reflected 
in this image, they will be collected there, 
aai wiQ have so much more force, as (he 
imagA D is smaller than the surface of the 
mirror. But the rays of the sun are endowed % 
with the property of heating the bodies on 
which they fall, as well as that of illuminating them ; 
hence it follows that there must be at D a'great de- 

Eof heat; and when the mirror is sufficiently 
, this heat may become stronger than the movt 
It Are. In fact, by means of such a mirror yon 




I4» or Mopnioa. 

of tin Mm alooe which prodncM th«M Borpriiinf 
eflfecte* This image ib usually denomiiMt«d tka 
focus of the mirror ; it falls alwaya in the niiddl* 
pmnt of the radius C G, between the mirror and its 
centre G. 

You must carefully distinguish banung nurrMV 
from biammg-gtasnt, of which 1 shall give some oo- 
oount in my next Letter. 
9tk Auguit, 17«0, 



LETTER XXXIX. 
Of BioptricJ. 

Hithtb explained the principal phenomena of< 

atrict, which result from the reflection of the rays 
^t, I proceed to treat of HoptrkM. whose ob- 
ject is to unfold the phenomena of the refraction of 
rays, which takes place when they pass through diU 
ferent transparent mediums. A ray of light does 
not pursue the same straight line, unlees itcontinnes 
its progress through the same medium. As soon m 
it Miters another tranaparent medium, it changes its 
direction more or less, according as it falls apon it 
more or less obliquely. There is only one case in 
which it pursues a rectilinear course, namely, when 
it enters the other medium perpendicularly. 

The instruments principally to be considerbd fa 
dioptrics are the glasses employed in the constnxs 
tion of telescopes and microscopes. These ^aeaet 
are of a circular form, but with two faces. Evm 
thing relating to them is reducible to the l^im of 
ftese two faces, which may be plain, orconrex, or 




Goacare. That convexity or concavity is ahraya 
«qual to that of a sphere, of which the radiiia rmut 
be known, it being considered as the maasure of the 
carve of those surfaces. This beini laid down, we 
■hall have several kinds of dioptric passes. 

Fig. 32. 



The first species, No. I. Fig. 2Z, is that whose two 
bcesare plain. B; cutting a circular piece out of a 
lJst« of ^lass of equal thickness, we shall have one of 
this species which makes no change on objects either 
Hto magnitude or distance. GlassNo.Il.hasoneof 
Its snrfacea friain, and the other convex ; and such are 
termed p/a)>«-cMe«x. The third species. No. III., has 
one face plain, and the other concave ; and these are 
caOed plmo-eoiwaee. ThefourlhtNo. lV.,hastwocon- 
. vex surfaces ; and is called double-tamiex. No. V. has 
two concave surfaces, and is called doubU-concmie. 
The species Nos. VI. VII. have one surface convex and 
the other concave ; and we give them the name of 
mttiateut. All these lenses are reducible to two 
daases; theonecontainingthose in which convexity 

rvails, asNoB. II., IV., VT. ; in the other, concavity 
predominant, namely, Nos. III., V., VII. The 
former class is simply denominated convex, and the 
latter concave. These two classes are distinguished 
by the following property. 

Let A B, Fig. 93, be a convex glass, exposed to a 
very distant otqeet E F, whose rays G A, G C, G B, fall 
on the glass, and paeaing through it, undergo a refmc- 
tton which will take wace in such a manner, that 




the Wys proceeding ftom the point O JV- ••• 
^aTl meet on the Other side of the glass K V " 
rn the point g. The ssme thing will hap- 
pen to the rays which proceed ftttmevary 
point of the object. By this 'alteration 
aU the refractpd rays A i, B m, C n, wiU 
pursue the same direction aa if the object 
were at e, g,/, and inverted ; and it will ' 
appear aa iti>uiy times stniiller as the dis- 
tance C g shall be contained in the dis- 
tance C G. We aay, then, that such a ' 
glass represents the object E F behind it 
at e f; and this representation is called 
ftiB imagr, which is consequently inTerled, 
snd a, with the object itself, in the ratio 
of the distances of the glasa ftoin the 
jmage, and of the glass from the object. 

It is clear, then, that if the aun were the otnect, 
ttie itnagt represented at e f would bethatoftks 
nin; thoiigh very small, it will be ao brilliant as to 
iaxtle the eye, for all the raya which paas thtougli 
the ^aas meet in this imat;e, and they exereiaa tMr 
(totible power of giving light and heat. The heat 
tiiere is nearly as many times greater aa the sorfac* 
Of the glass exceeds in magnitude the image of the 
pnn, named its /onu, from which, if theglasafa^vWr 
Kteat, yon may produce the greatest edicts of beat. 
Combiiatible substances placed in the focua of safch 
ft glass are instantly conaamed. Metah ue ipritodi 
tm even vitrified by it ; and other eRects Bt« prodacM 
ftr beyond the reach of the most active and inlBMb 
An. 

The reason ia the same aa in the caae of bnouig 
ImmorB. In both, the rays of the son, diffiiaed over 
the whirie sutface of Itte mirror or glass, are collected 
Inttie small apace of the sun's image. The onlr 
ffifhrencB is, that in mirrora the rays are «otle<Ma 
bjr reflection, aad in glassea by refraction. Such b 
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fl» eRI»ct of convex glusM, which sie thicker u the 
n^tdle than at the extremities, and which I have rep- 
Mwnted in Noa. II., IV., and VI. Thmo represented 
in Noe. III., V., and VII. are thicker at the extreta- 
Itiei than at the middle ; and being all comprehended 
under the term concave, produce a contrary effect. 
LetACB,F^.34,beaKlasaerthtsform. „ . 
If yon ezpOM to it, at a great distance, , "' 
tte object E G F, the TBye G A, GC,GB, ' "* ** 
Mding tnm the point O, wiU un- 



proeee 



HTM B refractionk on leiiving the {lasa 
iK Ibe directioa of A i, C M, and B n, - 
if tkey had inued from the point g ; 
a eye placed behind the gtan, at m, for 
•XRli^)le. will aee tbe object jtut as if it 
mr* placed ai e g f, and in a situation 
•fnilar to that ia which it is at the point 
O, b«t aa many times smaller ac the dia- 
tanceCGexceedsthedistanceGf. Con- 
vex RUosea, then, represent the image of 
a TSTf distant object beWod thsm, or- 
careglaBsea represent itbefore them; I 
former reprvMnt it invettod, and the 



Ob 8ii« propwtyf | la a»e « ii 

Hon of lelesoepea, s pe ctaci ss , and microact^ieB. 
lid Augtut, t9W. 



Cdlma gteBMS Aunisb soma Ibrther remariu, 
«Mch I tag Mave to Uy betere you. I weak bene 
^ llWM iJHWB ia fltoMl wMeh BM lUcku in ttaa 
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middle than at the extremltiea ; whethor both snr- 
facea be conves, or one plain and the other convei ; 
or, Hnally, one concave and tho other convex i pfo- 
Tided, however, that the convexity exceed the con* 
cavity, or that the thickness be frreater at the middle 
than at the extremitiea. it ia rurlber supposed, that 
tbeglassea have a spherical fignre. 

Ttiey have first this propel^, that being exposed 
to the sun, they present beninif them a focus, which 
ia the image or that luminary, and which is endowed, 
like it, with the property of illuminating and burn- 
ing. The reaaon ia, that all the rays issuing from 
the sun, and falline on this aurface, are collected by 
the refraction of the glass into a ain^e point. The 
same thing happena. whatever be the object exposed 
to such a ^ass; it always presents the imag« of it, 
which you see instead of the object itself. The 
following figure will render what I have said mora 
intelligime. 

Let A B C D, Fig;. 96, be a convex Fig. 8S. 
glass, before which ts placed an object ~ ~ ' 
E O F, of which it will be sufficient to 
consider the three points E, G, F. The 
rays which, from the point E, fall upon 
the ^aaa, are contained in the space 
A E B i and are all collected in the 
■pace A e B by refraction, so as to meet 
in the point t. In the same manner, the 
rays from the point G, which fall on 
the dass, and which fill the space 
A G B, are comprehended by means of 
refraction in the space A ; B, and meet 
in the point f. Finally, Uie rays froWi 
the point F, which fall on the glass in ' 
the angle A F B, are refracted so as to ' 
meet m the point /. Thus we shall ^'" 
have the image e gf in an inverted position behind 
tbe ^aas ; and an eye ^aoed at 0, beniod the uufe, 
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will ba ■fllMted in flie sune maimer u if the otrfed 
wen at i ^/iiiTertect, and as nwnT time* aauUn 
u the distance D;i>«n«Uert)uHitMdutaac«C O. 

InordertodcteniiuM the piece of the image*;/, 
we niDit attend ae well to the fonn of the gtaaa m 
to the distance of the object. Aa to the fint, it oiay 
be remarked, that the more convex the gjaaa ia, in 
Other worda, the more that the thickneaa of the mid- 
dle C D exceeda that of tbe'extremitie*, tiie nearer 
the image will be to its surface. With regard to the 
diatancB, if you bring the object E F nearer to Um 
riaas, its image */ retire* from it, and reciprocaUy , 
The image cannot be nearer to the glasa ttum when 
the object ia at a very gi«8t diatance from it. The 
inace ia than at the aame diatance aa that of the onn 
woud be, which point is denominated the focus of 
the lens- When the object, then, i* Teiy distaoi 
the image falls in the Tery focua ; and the nearer 
TOQ brin^ the otgect to the glass, the farther the 
una^ retina from it, and that in conformitr to a 
law m dioptrics, bj means of which you can uw^a 
determine the place o( the image for every diatance 
of Uie object, pronded yon know the focus of the 
^ass, that is, the distance at which it collects the 
nja of the aun, in a space auScieoUjr snufl to aet 
OD Are a body exposed to it. 

The point where the rays meet ia, aa has been 
said, the pltice of the image. Now, this point ia 
easily found by experience. The different denomi- 
KBtiona of giiuaeB are derired fhrni it, as when we 
aay, siich a glass haa its focus at the distance of an 
iMch, another at the diatance of a foot, another at 
fte distance of ten feet, and so on ; or, more cotw- 
dsely, a ^asa of aa inch, a foot, or ten feet focus. 
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focus at the distance of eoo feet.* I am conTinced 
it was of no great value ; but they wished to have 
it on account o( its rarity. 

To be satisfied that the representation of the 
image egf in f>ig» 25 is reai^, you have only to 
hold at that place a piece of white paper, the par- 
ticles of which are susceptible of the different kuida 
of vibrations on whicl^ colours depend. Then all 
the rays from the point £ of the object, on meeting 
at the point e, will put the particles of the paper into 
a movement of vibration similar to that which the 
point £ has, and consequently you will see the point 
e of the same colour as the point £. In like man- 
ner the points g and/ will have the same colours as 
the points G and F of the object ; and you will like- 
wise see on the paper all tne points of the object 
expressed in their natural colours ; which will repre- 
sent the most exact and the most beautiful picture 
of the object. This will succeed perfectly well in a 
dark room, by applying a convex lens to a hole 
made in the shutter. You will then see on n sheet 
of white paper, placed opposite to the aperture in 
the shutter, all the external objects so exacthr 
Minted, that you may trace them with a |>encil. 
Painters make use of such a machine for designing 
landscapes and other views.f 

13M August, 1760. 

• The larM lensn groond by Cwnpimf, of Bolofaa, bad • Ibcil 
lanffh of lOD and 136 Act. Hnyfcnt praMOted lo the Royal Soelaiy 
two lenMii. one of which waa ISO, and Uie oiber m feel in Ibeal 
lenftb.-Kd. 

t The theory of light adopted and Uloairaied by Enler In the |ireciidkaff 
Lf Here, wee originally propoeed by Buygena In hie Traits de la Limtmtt 
pnbhehed in MOO. In tbie ingeniooe work be hae ahowii bow all the 
pheiNNnena of rennctton and tclleelioa may be explained and ealevteled, 
by the hypocheaia that lif lu eoovicta oT undalaUona of an ethereal no- 
dlum ; and he coneiders It as irapponed by ib« phenomena of double ra. 
ftvetkm. Noiwliheianding the atiempia of Enler to revlire thia theory,' 
ll Ml iMo tMol niffleet, and waa reaelfad in oo part of Knrop* m % 
bniich of oonnd phyeioa. 

Abott ttw year 180(^ Dr. nfloaa^TMng Tantwad to mlMilh ^ 
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LETTER XLI. 

Of rwMM, ani the Strueture oftha Eyt. 

I kM now enabled to explain the phenomena of 
vision, which is undouhtRdl^ one of the greatest 
operations of nature that the hnman mind can con- 
template. Though we are Tory far short of a per- 
fect knowledge of the subject, the little we do know 
of it is more than aufflcient to convince us of the 
power and wisdom of the Creator. We discover in 
the structure of the eye perfections which the most 
enlted fceniiis could never have imagined. 

I shall not detain you at pretent with an anatomi- 
cal description of' the eye. It is sufficient to re- 




- , uoniofm. ifd*. 
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mtik, Uut the exterior mem- j^ _. 

bnoe aAb, Fv- M, ie tranapa- ^ — ' 

rent, and ie cafled the cornea of , 
the eye ; behind this, on the in- 
side, is another membrane a' m, 
if m, circular and cotonied, which 
we call the tm, in the middle of 
wbicta is an aperture m m, csUed 




lie vnfii, which appeals to aa to 
e Hack. We find behind tbis aiierture, the cry$M- 
r, i B C a, which is a body somewhat re- 



aemUing in fonn a small buming-'^laM ; it is per- 



fectly transparent, and ia covered with a 
, called its CM ' "•■■-■ 
_ tfaecarityoi tbeeveisfiUei. ^ 

J, called the vUrtoiu hunow. The anterior apace 



brene, called its cmttuU. Behind the rryatalliQe ho- 
BOur the carity oi the eve is filled witii a transpsreat 



jelly, c 



Mtween the thick coat a Ai and the crystalUiie a i 
containt a fluid like water, which for U»t reason is 
called the lupitous Aumour. 

Here, then, are four tnuwpsrent nbetances, 
through which the lays of lif[fat that enter into the 
eye must pass: 1, the anterior coat, or come*i B, 
the aqveaiu Aumour, between A and B ; S, the cry«- 
toUiiw, ft B C a ,- 4, the »itrtiMu honour. These four 
substajKea differ as to deneitr ; and the rays paav- 
ing horn one to another unaergo a particular re- 
frsctiou ; and they are so arranged, that the rays 
coming ftom a point of any object are stiU col- 
lected within the eye in a point, and there present 
aniniwe. 

The bottom of the eye at E 6 F, or the ntiaa, is 
furnished with ■ whitish tiaeue, adapted to the re- 
ception of images : and it is thus, yon will idease to 
recollect, that the images of ob)ects may be repre- 
smtedonawhitegroand. ConfornaUy to the same 
principle, sll the oblecta whose rays eater Into tbo 
me ai« found painted en tho rvtins. Take the eye 
H ID ox, sod hsffiig lemoved tlw exterior pans 
which corer the ntina, yon will see all the oljecta 




^^rint«d thsrs >a exactly Uut no artist aaiHtm^fam 
It, or even arrive at such b. degree of perfectioa- 
And in order to see any ot^ect whatever, the objeot 
must always be painted on the retim; and »b», 
unfortunately, any or the parts of the eye are io- 

aired, or lose their transparency, the person becooMe 
md. 

But it is not enfficient, in order to our seeing ob- 
jects, that their images should l>e painted on the re- 
tina; sonteareblind,thoughthistakesplace. Hence 
we see that images painted on the retina are not, 
after stt, the immediate object of vision, and that 
the perception or the soul is communicated some 
other way. Tiie retina is a reticulsted contexture 
of nerves the most subtile, communicating with a 
great nerve, which, coming from the brain, enters 
the eye at O. and is denominated the optic nerve. 
These amall nerves of the retina are agitaied by the 
rays of li^t which form the image at the bottom of 
the eye ; and this agitation is transmitted by the optic 
Berve to the brain. It is there, undoubtedly, that 
mental perceptionisformed; but the moat dexterous 
•natomist is unable to pnrsue these nerves to their 
Murce — the union of the soul with the body mint 
tor ever remain a mystery. 

lUA Amgutl, 1700. 



LETTER XUI. 

Omfmuotwit. W«n4en diaeovtnMe intht StnKtm* 
oftAeBf*. 

Ir will not i>e disagreeable to you, I hope, to ooa- 
tempi'dle with me, somewhat more attentively, the 
wondera diacoTerable in the structure of the eye^ 
I And, Arst, the pnpil presents an object \igUf 
■irorthy of udmiration. It is that aperture which w« 
iai in the middle of Iba iris or atu •■ m, by wbick 

Vol. I.-O 
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the nfs nan into the inside of the aye, and wUdi 
appears black. The larger rt is, the greater quan- 
tity of rays can enter into the eye, to foim on tb« 
retina the image which appears painted there ; thus 
the mora the pupil is opened, the more briUiant this 
image will be. 

On carerully examining the human eye, we ob- 
«erTe that the Uperiure of the pupil is eometimes 
greater and sometimes smalteT. It ia generally re- 
marked, that the pupil is contracted when exposed 
to a very strong light; and, on the contraiy, very 
much dilated when the light is faint. This mriatioK 
ia absolutely necessary to the perfection of vision. 
When we are in a very strong light, the rays being 
more powerful, fewer of them are wanted to agitate 
the nerves of the retina ; the pupil, accordingly, is 
then more contracted. Were it more dilated, and 
consequently admitted more rays, their force would 
agitate the nervea too violently, and occasion pain. 
It is for this reason we are unable to look upon the 
sun without being dnziied, and without ezpeiieociac 
« sensible pain in the bottom of the eye. 

Were it possible for us to contract the pipil still 
more, so as to admit only a very small qaanti^ of 
rays, we should not be very greatly inooMmoded by 
it ; but the contraction of the pupil is not in our own 
power. Eagles possess this advantage, and are able 
to look directly at the sun : it is accordingly re- 
marked, that their pupil is then so much contracted 
as to appear reduced to a point — a clear light re- 
qniring a very amall dilatation of the pupiL In pro- 
portion as the light decreases, the pupil dilates, and 
m the dark it is so entar^d as almost to occupy 
the whole of the iris. If it remained in the Hume 
state of contraction as in the light, the rays whjcb 
enter into it would be too weak to agitate tn£ nervu 
as mach as is necessary to vision ; the rays must, 

therefore, be then admitted ia greate- -•- -' 

fa onler to produce a aeosihle effect. 
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■ Wire it in our power to open the pupil rtiU more," 
we atwuld be able to see in a greater degree of darfc- 
nesa. To tliia purpose we are told of a person, 
wbo haTiDg received a blow on liis eye, the pupil 
was so dilated by it that he could read and distm- 
gubh the mioutest objects in the dark. Cats, and 
aeveral other anlnials which roam in the dark, have 
the fHCulty of enlBrginr the pupil much more than 
the human ipecies; and owls have theirs at all times 
too much dilated to bear even a moderate degree of 
Ught. 

Now, when the pupil of the human eye dilates or 
contracts, it is not by an act of the will ; man not 
having the power of dilating or contracting the 
pupil at pleasure, ka soon as be enters into a lu- 
minouB situation, it spontaneously contracts, and 
dilAtes on his retam to dariuiess. But this change 
ia not produced in an instant; it requires a bttle 
time for this organ to accommodate itself to circuni' 

You must, no doubt, have remarked, that as often 
as you make a very sudden transition from a clear 
light to a dark place, as iu the theatre, you could 
not at first distmguish the company. The pupil 
was atiU too narrow to permit the ^w feeble raya 
which it admitted to make a sensiUe impreaeton; 
but it gradually dilated to receive a sufficiency of 
nys. The contrary happens when you pass sud* 
denly from darknesa to a clear light. The pupil 



the necessity of ahutiing your eyei. 

It ia then a very remarkable circumstance, that 
the pupil should dilate and contract according as 
rision lequires, and that this change shouU take 

* Aliboaiti mt rtnnot Ao thli by maaculv ei«nlcHi, rm by pnulDf ■ 
ir*p*f Eba WhoTiIm Svllnhmni.orcif Cl«lfyoHTirnuv, npan Ibaavv, 
■fei rata w(u dIUu tlHir In u •uniartlnuT iernt, and rhUu inel/la 
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plkCfl atanoflt spontaaeoualy and independeirtlr' of 
any act of the will. Philotophen wbo examine the 
etructure and the functiona of the bnuaa body an 
greatly divided in opinion as b> this aiAject ; and 
there is little appearance that we shall ever have ■ 
HtiB&ctory solution of this wonderful phenomeoon.* 
The variahility of the pupil is, however, an object 
essentially seceasary to vision ; and without which 
it would be very imperfect. But various other pu>- 
tKulars are discoverable, equally entiUed to aasA- 
ration. 

i7th Augutt, 1760. 



LETTER XLIII. 

Ftatitr Coiitimiatim.—AjtonuMne D^emet ieltcnm 
Ike Eye of m Aniwal, and tk» Art^leiai Bye or Cm- 
mora Oiacura. 

Tbi principle on which the stnictine of the «ye it 
foundea is in general the same as that according M 
which I exjdained the representation of objects om 
white paper by means of a. cfmvei lens. Both of 
Uiem must be resolved into this, thvt bU the imya, 
proceeding from me point of the object, are agafA 
collected Ui a single point by relVaction : and it seems 
of little importance whether this reirHction is per- 
fiHined by a aincle lens or by the several traupuenl 
■ubstances of which the eye is composed. It might 
even be inferred from thence, that a structure more 
simple than that of the eye, by employing one single 
ttanaponot mbMance, would have been pmhictive 
«f the same advantages ; which would smomit to a 
Tiry powerful otqection against the wisdom of tk« 
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STRDCTURK OW TBI BTI. ISt 

Creator, wbo has assuredfy pumied the siraplsst 
lead ID the fonnatiDn of al) his works. 

Persons have not been wanting who, from not 
haTinf attentively examined the advantages resuK- 
ing from this apparent complication, preaamed to 
eetisnre thii beautiful production of the Supnme 
Being with a levity worthy of censure. They bars 
pntended it was m their power to produce a plan 
more simple for the structure of the eye, beeaaae 
they were ignorant of all the functions which that 
organ had U> discbarge, i shall eKamina this ^xa 
of theira; and I hope to convmce yon Ifaat it woidd 
be highly defective, and altogether imwoTthy of 
being put in competition with that which actmlly 
exiata. 

6nch an eye, therefore, wouM be reduced to a 
■impte convex lens, A B C D, Fig. 37, which p- „- 
oollects, in a point, all the rays comingfrom ^' 
one and the same corresponmng point in ' 
oMect 

But this is onl^ near to the truth. The 



does not completely collect in one and the 
MOW point the raya which pass thnugli tta 
eontre and those which pass through its tx- 
tnmities. There is always a smnll differ' 
once, thongb almost imperceptible, in Ae 
ezpMimenta, by means of which we recesre 
On image on a piece of white paper ; but if 
ttia happened in the eye itaelf, it would ratder v 



Tory conftiaed. 

nie persons to whom I have been alluding allece, 
it it may be poMible to find another figure for tbo 



nrfaces of the lens, which abdl have the property 
of coDectinf^ anew all the layti iaamng froni die point 
O, in a point B, whether they paaa throu^ the 
oantie or tbrostb Uie ezlremitiaa. I admit tbnt 
ttuanu^beixMBdrii: but ampooiAg tho leu to poor 




aeM lUa pnipenj with rMpect to Ihe point 0, ttt tks 
fixed distance C O, it wonkl oat poeaess it at poioto 
at m gmtef or less distance rrom the lens ; or even 
ateitdoK ttua to be possible, which it is not, the 
Isiifl would tntnt ceitainly lose that property witli 
ragud to ob]ecle placed od one side, at T, for iit- 
■Mnce. Accordin^y we see, when objects are to* 
presented on white paper, that thougli such as an 
diractly before the lena, as nt 0, nay be sufficieoliy 
wril exprmaed, yet those which aie obliquely situi 
alcd as at T, an always mtich diafiKdrad, and vent 
cooAiBfldlf rapaeaented: and this is a defect which 
tbe Biuot m^nious artist is iocapable ot rectifylnf. 

But there is another, and one not teas coneidefafala. 
In speaking of rays of different colours, 1 remariiedi 
that in paasiBg rram one transparent median] to an- 
other, they iinder^ a different refraction; tliat reyi 
of a red colour ui^ergo the least refractiuii, and no* 
let-coloured rays the gtoMoet. Hence, if tho point 
O were red, and if its rays, in passing throu^ ti» 
lens A B, were collected at the pdint R, this would 
f/a the place of the red image. But if the point O 
were violet, the raya would be collected Dearer Ut 
the lens, at V. Again, as white is an assemblage.oC 
all the simple ctdoura, a white object placed at 
wonia farm aeverai imaBes at once, situated atdift 
ferent distances from the point ; Ute result of 
which would be, on the retina, a colcnved spot that 
would greatly disturb the represeotation. 

It is accordinf^y observable, that when in a daifc 
raom the external objecta ase represented on whils 
paper, they appear bordered with the cokNtra of ^ 
rainbow ; ana it is impossible to remedy thia defect 
by employtuf only one iraaaparent body. But it hu 
wen remarked, that this may be done by means of 
diflbient transparent substances ; but Reither theory 
M>r pnctice have hitherto been carried to the defra* 
of perfection aeceaaary to the executiga ofaMiMr 
IWMUobaliaiddnnM^aUUMnMiMM. , 




■TBSCTUXE OF TKB KTK. ICf 

Bill the eye which tbo Creator has formed is •id^' 
JBCt to no one of aU the imperCections under which 
fteimagiiiaryconstructioii or the freethinker labours. 
In this we discover the true reason why Infinite Wie- 
dom has employed several transparent subatance* in 
the formation of the eye ; it is thereby secured 
•faiiiBt all tbe defects which characteme every 
vork of man. What a noble subject of contom- 
piatiou I How pertinent that question of the Psalm- 
ist 1 He vsho formed the eye, ihaU htnot eeel tutd He 
vho flanted tie ear, ehali He nef hear 1 The eye alone 
being a masterpiece that far transcends the human 
noderstandinf, what an exalted idea raust we form 
of Him who has bestowed this wonderful gi(t, and 
tlut in the hi^sst perfection, not on maa only, but 
on the brute creation, nay. on the vilest of ioseda 1 

I9lh Augutt. 17»». 



LETTER XLIV. 
Ptrfietian* di*eo*trailt in lite Stnteture «/ A* JEjr*. 

Thb eye, then, infinitely suipassee everr iMece of 
tsechaniara which human skill is capable of pro- 
(lucing. The different transparent snbetances of 
which it is composed have not odIv a degree of den- 
sity cap^tle of causing different refraction*, but theu 
fijnue IS likewise determined in such a manner, that 
M the rays proceeding from one point of the object 
M« lealv coUected in one sad the same point, 
whether that object be more or less distant, wbetbar 
it b* aityated directly or oUiquely with respect to 
the eye, and though its rays undergo different r*- 
£ractioas. 

Were the least chsooe to he made in tbe natinie 
aai Bgire of ^leae substsaces, tbe ^e would h>M 
M the sdnntuw which we have been aAmtiwf . 
"nie strpogth oTour sight is ezsetly jnoportioned to 
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the extent of our necessities ; and far from com- 
pkining that objects loo remote escape this Otgnn, 
we ought, on the contrary, to consider it as one of 
the most precious gifts of the Supreme Being. 

It must be further remarked, that in order to see 
objects dintinctly, it is not sufficient that the ra^ 
which come from one point should be collected in 
another. It Is likewise necessary that the jmjnt of 
reunion should fall precisely on the retina ; if it fell 
either short of or oeyond it vision would becomv 
confused. Now, if for a certain distance of ohjecta 
this point of union fnll upon the retina, those of 
more distant objects woold fall on a part Within the 
eye short of the retina ; and those of nearer objects 
would fall beyond the eye. In either cnse them 
would' be B confuston in the image painted on the 

The eyes of every roan, therefore, areconstructed 
for a certain distance. iSome persons see distinctly 
only such objects as are very near lo their eyes ; wo 
call them Myopi, that is, short-sighted. Others, on 
the contrary, named Prtibyiei, see distmctly objects 
only which ar^ very distant. And those who see 
distinctly objects at a moderate distance are said to 
hare good eyes. Both the other two, however, havA 
the power of contraclinf or dilating the globe of the 
eye to a certain de^e, and thereby of bringing 
nearer, or of removmg, the retina, which enables 
th«m likewise to see ctearly objects a little more or 
leaa distant ; tiiis, undoubtedly, greatly contribates 
to render the eye more perfect, and it cannot surely 
be ascribed to chance merely. 

Those who have good eyes deriTe most advantage 
from their stmctnre, as they are thus in a conditioa 
to see distinctly objects very distant and verv near; 
but this never exceeds a certain limit. There is, 
porbaps, no cme who can see distinctly at the di9> 
unoe of an incb, and, consequently, still lew at 4 
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smallflr distaacfi. If you hold a piece of writing 
cloM to your eyes, you wUl see the cbaracten but 
very coofuaedly. Ttiia ia all 1 preaume to offer on 
I auhject of such high unportance.* 
31*( Aug. 1760. 



LETTEB XLV. 

Of Ormniy, cwtidend «i a gentral Property of Bo4f. 

HATue now treated of tightit I proceed to tbt 
coneideratien of a pioperty common to bU bodiae — 
that of gravity. We find that all bodies, aolid and 
dutd, Call downward when they are not supported. 





1C6 GBAVITY COmiDBKSD Afl X 

I hold H stone in my hand ; if I let it go, it AHs M 
the ^oimd, and would fall atill farther were thert 
an aperture in the eflrth. While I write, my paper 
would fall to the ground we»e it not supported lif 
the table. The same law applies to every body 
with which we are acquainted. There is not one 
that would uot fiill to the ground ifii were not sap- 
ported, or stopped by the way. 

The cause of this phenomenon, or of this propen- 
sity of all bodies, is denominated gnnity. When it 
is said that bodies are heavy, or poesesa oraTity, w« 
mean that they hnre a propensity to fall downward, 
and actnallv would fall if we remove what befor* 
supported them. 

The ancients were little acquainted with this \i*op- 
erty. They believed that there were bodies which 
had naturally a tendency to rise, such as smoke and 
vapours : and such bodies they termed light, to dis- 
tinguish Ihem from those which have a tendency to 
fall. But it has been discovered by experiment that 
it is the air which raises these substances aloft ; for 
in a space void of air, it is well known, by means 
of the air-pump, that smoke and vapours descend as 
well as stone, and that these substances are, of their 
own nature, heavy, like others. When, therefore, 
they rise into the air, the same law acts upon them 
which acts upon a log of wood plunged into tho 
water. Notwithstanding its gravity, it springs ap 
as soon as you leave it to itself, and swims, because 
it is not so henvy as water ; and in virtue of a gene- 
ral rule, all bodies riae in a fluid of more gravity 
than them Be Ives. 

If you throw a piece of inm, of copptr, of lilvrr, 
and even of lead, into a vessel full of guu-ktUver, they 
swim on the surface ; and if you force them down, 
they resscend when left to themselves. Gold alone 
Binks, because it is heavier than quicksilver.* And 
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riDce th«re a» bodies which rise in water and in 
other fluids, iiotwithstaoidiog their gravity, for this 
i«i)M>n merely, that they are not so heavy as watei 
or those other BuidB; il Is not at all siupriaing that 
uertain bodies, less weighty than air, such aa smoke 
and vapours, should rise in it. 

I have already remarked that air itself possesses 
gravity, and that by means of this gravity it sup- 
ports the mercury in the barometer. When, there- 
fore, it is afGrmed that ^1 bodies are heavy, it is to 
be understood that all bodies, without a single ex- 
ception, would fall downward in a vacuum. Tmight 
venture to add, that Ihey would fall with an equal 
degree of rapidity ; for a feather and a piece of 
gold descend with equal velocity in an exhausted 
jeceiver. 

II might be objected to this general property of 
body, that a shell discharged from a mortar does 
not at once fjUl to the ground, like a atone which I 
let drop from my hand, but mounts into the air. It 
cannot, however, be inferred that the shell has no 
gnvity ; for it is evident that the strength of the 
powder hurls the bomb aloft, and but lor this, it 
would, without doubt, immediately fall to the ground. 
And we see, in fact, that it does not continue always 
to ascend, but as soon as the force which carries it 
upward is exhausted, down it comes with a rapidity 
that crushes every thing it meets — a suflicient proof 
of its gravity. 

When, therefore, it is affirmed that all bodies are 
leavy, no one means to deny that they may bo 
stopped, or that they may be thrown aloft; but this 
is effected by an exteroaf power ; and it remains in- 
dubitably certain that all bodies whatevci', as soon 
as left to themselves, at rest or without motion, will 
assuredly fall when no longer supported. There is 
a cellar under my apartment, but the floor supports 
me, and preserves me from falling into it. Were 
lii« floor suddenly to crumble away, and the arcb ot 
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the celhr to toaible in at the «ame ttme, T mnM Ifli 
AHibly be precipitated into il, becnute my bodj' ig 
lieaTy, like alt other bodiei with which we are sc- 

Sainted. 1 sxy, with which we «re acquainted, fbr 
ere mtyi perhaps, be bodies deatitule of w^rht; 
such as, possibly, light itaelf,* the elementary lire, 
the electric fluid, or that of the mafFfiet : or stwh aa 
the bodies of aimels which have formerly appeared 
to men. A body like this would not fall down- 
ward, Ibongh the Soor were suddenly to be removol 
rnm under it, but would move as firmly through the 
■it «a on the earth. 

Except these bodies, the ^*ity of which is not 
yet confirmed by experiment, gravity niHy be con- 
•ideted aa a general property of all the bodies whieb 
we know, in virtue of which they all have a tend- 
eocy to fall downward, and actoally do so when 
DOtbing opposes their descent. 

«U Augvtt, 1760. 



LETTER XLVl. 
C«nlimiation. Of Specific Gravity. 

VoD have jual seen, that gravity is a general prop- 
erty of all the bodies with which we are acquainted, 
and that it consists in the effect of an invincible 
force, which presses them downward. 

Philosophers have warmly disputed, whethef there 
actually exists a power which acta in an invisible 
manner upon bodies ; or whether it be an internal 
qnality inherent in the Very nature of the bodies. 



natural instinct, constraining them to 
deacend. The auestionamountstothis: ffthecauae 
of gravity is to be found in the very nature of every 
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9n»f, ot tf it «xfsti KiUuRit it, so flut'wne tbn ez> 
trfnslc power to Ttiil in Its operation, ibe body WouU 
c«Rse to be heaTy. Before we attempt aaolotion of 
this, it will be necessary to examine more carefuUjr 
sU the circnmstancee connected with gravity. 

I remarli, first, that when you (Uppart a body to 
prevent its falling, if it rests on a table, its pressuPe 
IS eq^uitl to the force with which it would tend to fall ; 
and if a thread is affiled to it, by which it may be 
■nspended, ihe thread i> atrelched by that force ; in 
other nonle, by the gravity of that body ; so that, if . 
the thread were not of a certain streagth. It would 
break. We see, then, that all bodice exercise a 
degree of force on the obstaclea which support thetn, 
and prevent their falling ; and that this action is pre. 
cisely the same aa that which would make the body 
descend if it were at liberty. When a stone is laid 
upon a table, the table is pressed by it. You have 
but to pot your band between the etone and the 
table to be sensible of this force, which may be in- 
oreaeed to such a degree as even to crush the hand. 
This force is called the gravity of the body; and it 
is dear, that the weight or the gravity of every* 
body ei^ifies the same thing, both denoting the 
force with which that body Is pressed downward, 
whether this force exists m the body itself, or out 
of it. 

We have an idea too clear of the weight of bodiea, 
to make it necesaary to dwell longer on tiia suUeot. 
I only remark, thai when two bodies are joined to- 
gethfr, their weight too is added, so that the weight 
of the compound Is equal to the sum of the weigbt 
of the parts. From this we see that the weight 
of bodies may be very diderent We have alao the 
certain means of exactly measuring and cotnpariDg 
them, by the help of a balance, which has the prop- 
erty of resliiif in e<iuiHbrinm, when tha bodies, put 
In Its two sl^ales, are of equal gravity. In order to 
amk9 this comp«rie«&, «re aMM am amae feHd-ma*'. 

Vol. I.-P 
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sanment, of a certain determinate weif bt, auiA ■• a^ 
pound, and, by means of a good balance, ail bodies 
may be weia-hed, nod their graTitv aacertained, a&- 
oording to the numb«r of pounda which tbey contain^ 
A body too rreat to be put into the acale of a balanco 
may be divided, and the parts boiag weif^hed eepa- 
ratelv, you have only ts add the particulars. The 
weight of a whole house, however large, may be 
ttane aacertained. 

You must, no doubt, have frequently remarked, 
that a small piece of gold weighs as much as a piece 
of wood ereatly superior in size— a proof tliai the 
grarity of bodies is not always regulated by their 
ma^tude; a very small body may be of great 
weight, while a very laigo one may be light. Every 
body, then, is susceptible of two measurements, en- 
liiflfy different from each other. The one deter- 
mines its magnitude or extent, called likewise its 
size; this measurement belongs to the province 
of geometry, which teaches the method of measuring 
the magnitude or extent of bodies. The other mode 
of measurement, b^ which their weight is deter- 
mined, is totally different, and eerves to distinguish 
the nature of ihe different substances of which bodlea 
are formed. 

You can easily conceive several masses of differ- 
ent subatances, ml of the same magnitude or extent ; 
each, for ezamide, of a cubic figive, whose length, 
breadth and hei^t shall be a foot. Such a mass, 
if it be of gold, would weigh 1330 pounds; if of 
silTeT, T70 pounds ; if of iron, eoo pounds; and if of 



tbia yon see that the different substances of which 
bodies axe composed vary considerably in respect 
of gravity. 

To expraaa this difference, we employ certain 
tenna, which might appear equivocal, if they weta 
not patetly sadnttood. "Am, whaA it is ttU, 
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Alt gti4 IB heBTiei than tiher, it is not to be vnfcr- 
•food that a pound of sold is heavier than a ponnd 
,of silver i for a ponna of wbateTer Bubataaee ii 
always a pound, and has alTOTS precisely lh« same 
weisnt ; but the meaning is, that having two masses 
of the BBine size, the one gold and the other silver, 
Um iveight of the maaa of gold will exceed that of 
the silver. And whan it is sud that gold is 19 
times heavier then water, w« mean, that having two 
equal masses, the one of gold, the tfther of water, 
that which is of gold will have 19 times the weight 
of that which is of water. When we thus express 
onneUes, we sar nothing of the absolute weight 
ot bodies, we oidy speak by way of comparison, 
and with a reference always to masses of an equal 
size. Neither is it of importance whether the size 
be great or amall, provided they be equal. 
iSih Augvtt, 1760. 



LETTER XLVn. 

TiniM rsIalMW to Grocily, and tMr Inte loforl. 

GaivrrT, or weight, seemi so essential to the 
nature of bodies, that it is almost impossible to form 
the idea of a body divested of this quality. And its 
influence is so universal in all our operatiiHis upon 
body, that we must in every instance pay attentioo 
to its gravity or weiglrt. As to our own penuos, 
whether we stand, sit, or lie, we continoally feel 
Uie effect of the gravity of our own body ; we could 
never fall if the body wore not, as well as all its 
parts, endowed with this force. Lsnguage itaelf is 
regulated secordiog to this property oi bodies. The 
place towards which a body tends in ile descent we 
term ttw, and the oppoeite direction Oram the body 
we term high. 

It most be remarked, that when a body, in ttOing, 



19 at perfect liberty, it always descends in a straigfat 
Una, pursuing which, its direction is said to be down- 
wards. This line is likewise called vertical, by which 
term we always mean a straight line, drawn from 
high to low ; and if we conceive this line produced 
upward, till it reaches heaven, we call that point i& 
the heavens our «entM— an Arabian word, denoting 
that point in the heavens which is directly over our 
bead. You comprehend, then, that a vertical Une 
is that straight line in which a body falls, when no 
longer supported. When you affix a thread to any 
body, holdmg it fast at the other end, .that thread 
will be stretched out into a straight line, and that 
line will be vertical. Masons employ a small cord, 
with a leaden baU at one end, which they call a 
plummet, to direct the perpendicularity of the walls 
which they raise; for these, to be solid, must be 
vertical. 

All the floors of a house ought to be so level that 
the vertical line shall be perpendicular to them ; the 
floor, in that case, is said to be horizontal ; and you 
will please to remember, that a horizontal plane is 
always that to which the vertical line is perpendica- 
lar. When you are in a perfect plane, bounded by 
no mountain, its extremities are termed the horizon 
f-^ Greek word, which signifies the bouudaiy of 
sight ; and this plane then represents a horizontal 
plane, jusi as the surface of a lake. 

We make use of still another term to express what 
is horizontal. We say that such a surface or line is 
level. We likewise say, that two points are on the 
level, when a straight line passing through these 
two points is horizontal, so that the vertical, or 
plumMine, shall be perpendicular to it. But two 
points are not on the level when the straight line 
drawn through these points is not horizontal ; for 
then one of them is more elevated than Uie other. 

This is the case with rivers ; their surface has a 
^decbvity ; for w^re it hOriaontal, the river would be 
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stagnant, and nm down no longer, whenaa all liven 
an continuallj (lowing towards placet Ism elevated. 
There are inalnitneDte bjr means of which we can 
ascertain whether two t>oints are on the same levd, 
or which is the higher, and by how much. This 
instrument is called a teeel, and the application of it 
is called the art of levelling;. 

Were you to draw a straight line from an^ point 
in your apartment at Berlin to a given point in your 
apartment at Magdeburg, you might, b^ means of 
such an instrument, ascertain whether this line were 
horizontal, or whether one ofthese points were more 
or lesa elevated than the other. I oelieve the point 
at Berlin would be more elevated than that at Mag- 
deburg ; !ind I fonnd this opinion on the course of 
the rivers Spr6e, Havel, and Elbe. As th« Bpr4e 
mils into the Havel, it must of coune be higner; 
and, for the same reason, the Elbe must be lower 
than tho Havel : Berlin therefore stands h^her thsit 
Magdeburg, provided you compare two points at as 
equal degree of elevation from the ground; for, 
were a straight line to be drawn from the street 
pavement at Berlin to the pinnacle over the dome 
at Magdeburg, that line would perbaps be bori- 

Hence you see how useful the art of taking levela 
ia, when the condnctiiw of water is conceroM. For 
as water can run 0017 Irom a more to a leas elevated 
situatioD, before digging a eanal you must be woB 
aaaured that one of the extremities ia more elevated 
than the other, and thia is diacovered by taking th« 
level. 

In building a city, the streets should be so dis- 
posed, Bs that, by means of a declivity nn one side, 
the water may run off. It is otherwise In the cod- 
struction of houses, the floors of which ahould be 
perfectly horizontal, and without the smallest decUv- 
ity, because there is no water to be discharged, ex- 
cept ia the floors of stables, whieh an eonMniet«d 
P9 
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with a gentle declivitjr. Astroitoinera tak« great 
paiiu to have the floon of their obaerratortea per- 
Kctly level, to correBpond with the real horizon in 
the heavens. The vertical line, produced upwaid, 
marke the zenith. 
SltkAvgutl, 17S0. 



LETTER XLVIII. 

Rtffy to e«rtam Objtetian* to the EarlK'* SphtrietH 
Figure, dtrwed from Grtmit^. 

Yoo know well, that the figure of the earth ia 
nearl}' that of a globe. It has, indeed, been demon- 
atiated, that its forao ia not perfectly spherical, but 
aomewhat flattened towards the pulee. The difler- 
ence, however, is so trifling, that it does not at all 
affect the object I have iu view. Neither does th« 
difference or mountain and valley excite any solid 
objection to its globular figure ; for its diameter 
being T913 English miles, the highest mountains 
beio^ about five English miles in height, sink into 
nothing, compnred to this prodigious mass. 

The ancients had a very imperfect notion (rf the 
real figure of the earth. It was in general consid- 
ered as a huge maasy aubstance, n- ^^ 
ABCD./l^. 38,flaltenedabove ■ ^' 
■a A B, and covered partly with 
earth, partly with water. Ac- « 
cording to their idea, the surface 
A B alone was habitable ; and it was impossitde to 
go beyond the points A and B, which they consid- 
ered as the extremities of the world. When, in the 
progress of discovery, it was found that the earth 
was nearly aphericu, and universally habitable, so 
that there we)re upon the globe spots' diametrically 
oj^sits to ua, the inhabitants of which are there- 
rare ctUad oar mtt^tdtt, bacauae their feet ar« 
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trnned diractlr towards oara— this opinion met with 
soch violent conlradiction, that certain fathers of 
the chtirch represented it as a dregful heresy, and 
thundered out anathemas against all who believed ia 
the eziatence of the antipodes. A man, however, 
would now pass for an idiot who wonld call it is 

Iuestion ; especially since the opinion has been con- ' 
rmed bjr the experience of navigators, who have 
frequently sailed round the globe. But another dif- 
llculty here presents itself the solution of which 
must assist us in discovering the real direction of 
gravity. 

If the circle A B, Fig. 89, say they, -- 
represent the earth, and we are at A; ' V- "• 
our antipodes will be diametricallv op- j-^f^^ 
positeatB. Aswe,then,haretheDead /"^ >i 
tmwaid and the feet downward, our an- / \ 

tipodes mnel have the feet upward and / i 

the head downward, soppoein^ these I J 

words to indicate the same direction \ / 

as when we pronounce the same ^Ot^ 
words at the place where we are, ^ 

For navigators who have made the 
circuit oT the globe, observe, that their head and 
feet had throughout mainiained the eame position 
relatively to the surface of the terrestrial globe. 

Some persons, whom this phemmtenon embar- 
rassed, formerly thought of explaining it, by the com- 
parison of a globe, over the surface of which you 
see flies and other insects crawl on the under as 
well as the upper part. But they dii not consider 
that the insects on the dependent sarfsoe adhere to 
it by their claws, and without thi» assistance would 
presently fall off. The antipole, then, must have 
nis shoes furnished with hoofc< to hold him fast to the 
surface of the earth; but itiough Le has oone, he 
does not fall, any more thsa we do. Besides, ad we iio* 
•giiie oaiMlves to be on tiie a^wmoBt nrAwe of the 




m - TRUE DtUCnON AMD 

eartb, the antipode bns tlie Bsme idea of his litiu- 
tion, and considers ue as undertnoat. 

But the whole phenomena are easily accounted 
for on the hypothesis which experience has demon- 
■trated, that the direction of gravity ia senaibly per- 
pendicular to the surfaice of the earth, at eveiTpoint 
of that surface ; that it varies at these different 
points ; and that at those which are anUpodea to 
each other it roust be exactly opposite. The terms 
vpteard and dommBord, theretore, do not express aa 



doiBmnard only with relntion to us, but not with rela- 
tion to themselves ; they, as well aa we, are in the 
position which the power of gravity constrains there 
to preserve ; and that position is similar, relatively 
to the surface of the earth. You had, undoubtedly, 
no need of this explanation; but there waa a lime, 
and it is not long elapsed, when it would have been 
necessary even to persona who wete then honoured 
with the appellation of the learned. 
86t^ A.ugtat, 17B0. 



LETTER OtLIX. 



TBotran tke surface of the earth is noeqnal, be- 
cause of the mnuntaina and valleys which overspread 
It, it is, howevei, perfectly level wherever there is 
•ea; the surface gf water being always horizontal, 
and thevertic8lline,in the direction of which bodiea 
fall, being perpendicular to it. If, then, the whole 
globe were covered with water, at whatever spot 
of the surface a person was, the vertical line would 
ht peipendiculu to the surface of the water. 




Thiu, the flgtm A B C D G F O U I, jy . 30, !««. 
Ktenting the earth, its but- n. 30 

6ce bein^ereiywhere bori- 
sontal ; at A the line « A 
will be vertical; at B the 
UneiB; at C the line e 
atD the lined D; at F the 
Ihte/F; and so of thereat. 
Now, at erery place the ver- 
tical line detennines what 
iatobed. 



K^ 



ward, andthepoint/upward, andso Tor every other 
^t on the surface of the eiulh. All these vertical 
hnea a A, t B,c C, dD, Ac. are likewise named the 
directions of gravity, or weight, becanae bodies uni- 
rersally descend in the direction of these lines; thuB> 
a body left to itself at g would fall ia the direction 
of the hne g G. Hence it is evident, that bodie* 
onivera^y must fall towards the earth, and that p^ 
pendicularly to the anrface of the earth, or rather of 
the watur, if it were water. 

At whatever (dace of the earth, therefore, you 
may bafqwn to be, as bodies fall there towards iti 
■niface, we call dovnaeard that which is directed to> 
mrds tiie earth, or is nearest to it ; and t^noard what 
is placed in the opposite direction, or is farthest 
froa the earth : and, univeraaUy, man having their 
bet pnaaed to the earth, their feet will be down- 
wtra and their beads upward. If the earth were » 
perfect globe, all the vertical lines a A, t B, c C, 
Ming produced Inwardly, would meet at the centre 
of the globe, which is Ukewise that of the earth ; mi 
for this reason we say that bodies uoiveraaUy tea4 
towards the centre of the earth. Thus, wherever 
Ton Bra plaoed, when asked, what is dowDwardt 
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the answer ranst be, what approaches nearest to tbo 
centre of the earth. In fact, were you to dig a 
hole in the earth, at whatever place, and to continue 
your labour inceBsantly, digging always downward 
and downward perpendicularly, you would at length 
reach the centre of the earth. You will remenibn 
hov. Voltaire used to laugh at the idea of a hole 
reaAiing to the centre of the earth, mentioned t^ 
Maupertuis. It is true, such a project could never 
be executed, aa it would be necessary to dig to the 
depth of 3956 Engliih miles ; but there is no harm 
in supposing it, in order to discover what would ba 
the result. 

Let us suppose, then, such a n^-. 81. 

hole, Fig. 31, to be dug at A, 
and continued beyond the cen- 
tre of the earth O, the whole 
length of the diameter, as far as 
to our antipodes B, and that we 
were to descend along this aper- 
ture. Before Arriving at the ^ 
centre O, and having reached, 
for example, the point E, the 
centre of the earth O will there 
appear downward, and the point 
A upwnrd ; and, unless something supported us, we 
should fall towards 0, But having pasbud beyond 
the centre, to F, for example, our gravity irould then 
have a tendency towards O ; this point, and much 
more the point A, would appear downi^ard, and the 
point B upward. Thus the terms upward and down- 
ward would suddenly change their signification, 
though we should have passed from A to B, in the 
direction of a stnught line. 

At long SB we are on the passage from A to 0, we 
are descending; but in going from to B, we are 
actually rising, for we are removing from the centre 
of the earth — our own gravity being always directed 
tswaids that point; so that, if we w«n to f«U. vto- 
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thsr firom E or from F, we should always Ml to- 
wtrda the centre of the earth. Our antipode at B, 
if he wanted to pass from B to A, would be in pre- 
cisely the same situation. From B to the centre 
he would hare to descend; but from O to A. it would 
be all an ascent. These coasi derations lead hb thus 
to define gravity or weight : It is a power by which 
all bodies are forced towards Che centre of the earth. 
The same body which, being at A, is forced in the 
directioa A O, if transported to B, will be forced, by 
the power of ^vity, in the direction B 0, which n 
directly opposrte to the other. By the direction of 
pavity, then, we everywhere regidale the significa- 
tion of the terma upward and doumward, rite and de- 
scend, as gravity or weight has a very eaaential ia- 
fluence on all our operations and enterprises, aod a» 
even our own bodies are animated by it to such « 
degree as universally to feel its effects. 
99M Augial, 1760. 



DiffertM 
Comlrii 

ar 

peodicularly to its surface, by their gravity: the 
perpendicular lines at the surface of our globe 



With strict propriety is tlie lermpMiwr applied to 
gravity, as every thing capable of putting a body in 
motion is expressed by that name. Thus we ascribe 
power to horses, because they are able to draw 
along a chariot ; or to the current of a riverf or to 
the wind, because by their means mills may be put 
in motion. Then eatt be bo doubt, Uierefiin, iMl' 
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ptTitf !■ B power, sb it forces bodies dowtnntrd: 
and ff« are abun^tly Mnaible of the effect of thM 
power, by the preaanre which we feel when we cut^ 
4 load. 

Now, in every newer two thtnn are to be con- 
•idered : first, the aireotion in which it acta or forces 
along bodies; and secondly, its quantity, which fa 
estimated by the effect it produces. As to the direc- 
tion of gravity, It is sufficiently linown ; for we are 
mre that it forces all bodies towards the centre of 
the earth, or, which amounts to the same thing, that 
it acts perpendicularly to the surface of our gfobe. 

It remains, therefore, that we esamiae its quan- 
tity. This power is always determined by the weight 
of every body ; and as bodies differ greatly with re- 
spect to weight, those which are heaviest are like- 
wise forced down with the greatest violence. It 
has been asked. Whether the same body, transported 
to a different place of the globe, jH^serves always 
the same weight ? I speak of bodies which lose 
nothing b}' evaporation. It has been demonstrated 
byundoubted experiments that the same body weighs 
somewhat less towards the equator than towuds 
the poles of the earth. 

It will readily occur to you that it is imposeiUe to 
ascertain this difference by the exactest balance, be- 
cause the standard weights emp>^ed for determin- 
ing thewalghtormstler in bodies u.'dergD the same 
variation. Thus, a mass which with us might weigh 
100 pounds, being transported to the equalor, would 
Btill nominally be 100 pomtds weight, but the effort 
will be somewhat less than here. This variation 
has been discovered by the effect itself df the 
power of gravity, which is the ve'ocity of the d»- 
•ewnt ; for it is found that the same body under ths 
ec|Dator does not descend with so great velocity as 
in high latltsdes. It is certain, therefore, that th« 
MUie bady, behig transported to dil&rent places of 
tbB«aKh, ladergoea a Uttte ehnge as to weigfat 




ACnOM OF OKAriTT. ]8t 

Let UB now return to the apertnre mnd<> in the 
earth through its centre ; it is cli ar thai a hoAy at 
the very centre must entirely lose iU gravity, as it 
could no longer move in any direction whatever, all 
those or gravity tending continually towards the 
centre of the earth. Since, then,- a body has no 
longer gravity at the ceptre of the earth, it will fol- 
low, that in descending to this centre its gravity will 
be gradually (hminished; and we accordingly con- 
clude that abody penetrating into the bowels of the 
earth loses its gravity, in proportion aa it approaches 
the centre. You must be senaible, then, Ihal neither 
the intensity nor the direction of gravity is a con- 
sequence from the nature of every body, as not only 
its intensity is variable, but likewise its direction, 
which, on passii^ to the antipodes, becomes quite 
contrary. 

Having travelled in idea to the centre of the earth, 
let us return to its surface, and ascend to the sum- 
mit of tbe loftiest mountains. We shall observe 
there no sensible change^in the gravity of bodies, 
though there is very good reason to believe thai the 
weight of a body diminishea in proportion as it re- 
moves from the earth. You have but to imagine 8 
body gradually removing from our globe, till it 
reachM the sun, or one of the fixed stars,— it would 
be ridiculous to think that such a body must fall 
back to the earth, as it is almost'a nothing compared 
to then stars. Hence, then, it may be concluded 
that a body in removing from the earth must un- 
dergo a diminution of gravity, which will become 
smaller and smaller, till at last it wholly disappear. 

There are reasons, however, which demonstrate 
that a body removed to the distance of the moon 
will still have some weight, though 3S00 times less 
Uian it had on the earth. Let us conceive snch a 
body to weigh 3fl00 ponnda on the earth, no one, 
sorely, is capable of supporting it here ; but convey 
it to the distance of the moon, and I shall engage to 

Vol. I.— Q 
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sopport it with one of my Angen, for then it will 
weigh only one pound ; ana if farthei" retnoTed 
it would wei^ still lesa. We are certam, then- 
fore, that gravity is a power which forces all bodies 
towards the centra of the earth, that this power acts 
with the greatest force at the surface of the earth, 
and is diminished in proportion aa it removes from 
thence, whether by penetrating towards the centra 
or rising above the aurface of the globe. I have 
still much to say on this subject. 
30t\Augutt,niO. 



Gnteity of tJu Moon. 

I HivK said that a terrestrial body placed at the 
distance of the moon would 1)6 reduced to the 3600lh 
part of its weight, or, in other words, would be farced 
towards the centre of the earth with a power 3600 
times leas than it has at the surface of the globe. 
This power,^owever, would be sufficient to make it 
descend to the earth, if it were no longer supported. 
It is true we are incapableof proving this by any ex- 
perimeai, as no means exist of raismg ourselves to 
such a height. There is, however, a body at thst 
height — the moon : she must therefore be subject 
to Uiis effect ofgravity, and yet we see she does not 
fall to the earth: 

To this I answer, that if the moon were at rest, 
she would certainly fall ; but the rapid motion which 
carries her along prevents ber from falling. Tliere 
are experiments which prove the solidity of thissn- 
Bwer. A stone dropped from the hand, without hav- 
ing any motion impressed upon it, falls immeiUately 
in the direction of a straight vertical line ; but if j^ 
throw this stone, impressing on it a motion which 
forcesit out of that direction, it does not fall inime- 
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diatelf downward, bat moves in a curve line before 
it reaches the earth ; and this will appear more 
sensibly in proportion to the velocity impressed 
upon it. 

A cannon-ball diHcharged in ahorizontal direction 
does not come to the earth till it has got to a con- 
uderable distance ; and were it Rred mim the top 
of a high Diouotain, it might perhaps fly eeveru 
miles before it reached the ground. If the direction 
of the cannon is farther elevated, and the quantiW 
and strength of the powder increHsed, the ball wiU 
be carried much farther. This nuKht be carried so 
far that the -ball should not light till it had reached 



, off; and thus perform a new tour round the globe. 
It would thus be a little moon, making its revolu- 
tions round the earth, like the real moon. 

You will now please to reflect on the height of 
the moon, and the prodigious velocity with which 
she moves, and you will no longer be surpnsed that 
she should not fall to the earth, though forced by 
gravity towards its centre. There is another re- 
flection which will place this in a clearer Ught. We 
have only lo consider the path described by a stone 
thrown, or a cannon-ball shot off, in an oblique di- 
rection. It is always a curve, such as represented 
in the annexed figure. 
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L«t A be the summit of a mountaia from which 
tti8 cannon-ball is fired off, which, afler baring raored 
in the direction A E F B, falls to the ground ut B ; 
and the path which it describes is a curve line. I 
remark, then, that if the ball were not heayy, that 
is, if it were not forced towards tbe earth bjr the 

Kwer of gravity, it woiild not fall, though left to 
elf, as gravity is the only cause of its descent ; 
much less, being fired off at A, as represented ii; the 
flgure, would it ever fall to the ground. Hence we 
see it is gravity that brings it down to tbe ground, 
after having described the curve A E P B ; navity, 
therefore, directs its path in the curve A E FB ; and 
if it were destitute of gravity, the ball would not 
describe a curre, but proceed forward in tbe direc- 
tion of the Btraight line A C, the direction in which 
it was fired off 

This being laid down, let us attend to ttie moon, 
which assuredly does not move in a straight line ; 
her path must of necessity be a curve, as she always 
preserves nearly the same distance from as, and that 
curve almost a circle, such as you would describe 
round the earth, with a radius equal to the moon's 
distance. 

It is very reasonable to demand, why the moon 
does not move in a straight line. But the answer 
is obvious ; for as gravity occasions the cmred direc- 
tion of the path pursued by a stone thrown, or a 
cannon-ball nred olf, there is good ground for main- 
taining, that gravity acts likewise upon the moon, 
forcing her towards tbe earth ; and that this gravity 
occasiona also the curved direction of her orbit. 
The moon, then, has a certain weight— slie is, of 
consequence, forced towards the earth; but this 
weight is 3600 times less than it would be at the 
surface of the earth. This is not merely a probable 
conjecture, but a truth demonstrated. For this 
gravity being supposed, we are enabled to determine, 
ou the most established mathematical principles, tha 
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yalh which the moon most pursue ; and this ia found 
perfeCtiy to agree with that in which she actually 
ooea move ; and this is a ctHuplete demonstration of 
the truth of the assertion. 
U( Seplmitr, 1760. 



LETTER Lll. 
Dueovery of Vnivtrtal Gravitatiim Ay Neattm. 

CkiTiTT, then, or weight, is a property of all ter- 
restrial bodies, and it extends likewise to the moon. 
It is in virtue of gravity that the moon presses to- 
wards the earth ; and gravity regulates her motion 
Just Bs it directs that of a stone tnrown, or of a can- 
non-ball fired off. 

To Newton we are indebted for this important dis- 
covery. This ^al English ptiilosopher and geome- 
tiician happening one day to be lying under an 
apple-tree,anapple fell upon his head, and suggested 
to him a multitude of reflections. He readily con- 
ceived that gravity was the cause of the apple's 
faUing, by overcoming the force which attached it 
to the branch. Any person whatever might have 
made the same reflection ; but the English philoso- 
pher pursued it much further. WonM this force 
have always acted upon the epplc,'had the tree been a 
great deal hiffker ! He could entertain no doubt of it. 

But had Uie height been equal to that of the 
moon! Here he found himself at a loss to deter- 
mine whether the apple would fall or not. In case it 
should fall, which appeared to him, however, highly 
probable, since it is impossible to conceive a bound 
to the height of the tree at which it would cease to 
fall, it must still have a certain degree of gravity 
forcing it towards the earth ; therefore, if the moon 
were at the same place, she must be pressed towards 
the earth try a power similar to that iriiicb would 




act npon the apple. Nevertbeleaa, as the moon did 
not fall on his head, he co^jectUT«d that motion might 
be Ihe cause of this, juat as a bomb frequently flies 
over us without falling verticallj. 

This comparison of the motion of the moon to 
that of a bomb, determined him attentively to «x< 
amine this queetion ; and, aided by the most sublime 
geometry, he discovered that the moon in her mo- 
tion was subject to the sajne Una which regulate 
that of a bomb, and that if it were possible to huri 
a bomb to the heieht of the moon, and with the same 
velocity, the homo would have the same motion as 
the moon, with this difference only, that the gravity 
of the bomb at such a distance from the earth would 
be much less than at its eurface. 

You will see, from this detail, that the first reaaOD- 
inga of the philosopher on this subject were very 
simple, and scarcely Offered from those of the clown ; 
but ne soon pushed them Tar beyond the level of tho 
clown, it is, then, a very remarkable proper^ of 
the earth, that not only all bodies near it, but those 
also which are remote, even as far as to the distance 
of the moon. Iiavp a tendency towards the centre of 
the earth, in virtue of a power which is called grav- 
ity, and which diminishes in propoiti<»t as bodies 
remove from the earth. 

The English philosopher did not stop here. Aa 
he knew that the Ather planets are perfectly similar 
to the earth, he concluded, that bodies adjacent to 
each planet possess gravity, and that the direction 
of this gravity ia towards the centre of the planet. 
This gravity might be greater or leas there than on 
the earth ; in other words, that a body of a certain 
weight wiih us, tran^rted to the surface of any 
planet, might there weigh more or less. 

Finally, this power of gravity of each idanet ex- 
tends likewise to great distancea around them ; and 
as we see that Jupiter has four satelUtes, and Saturn 
fiTe, which move round them juat u the moon doea 
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round the earth, it could not be doubted that the 
motion of the satellites of Jupiter was renilated by 
their gravity towards the centra of thai planet, and 
that o? the satellites of Saturn by their gravitation 
towards the centre of Saturn. Thus, in the same 
manner as the moon moves round the earth, and 
their respective satelUtes move round Jupiter and 
Saturn, all the planets themselves move round the 
sun. Hence Nneton drew this illustrious and im- 
portant conclusion : That the sun is endowed with a 
similar property of attracting all bodies towards its 
centre, by a power Which may be called lotareraoify. 
This power eitends to a prodigious distanco 
around him, and far beyond all the planets : for it 
IB this power which mooiliea all their motions. The 
same great philosopher discovered the means of de- 
termining the motion of bodies from tho knowledge 
. of the power bjj which they are attracted to' a cen- 
tre ; and as he had discovered the powers which act 
upon the planets, he was enabled to give an accurate 
description of thoir motion. In truth, before he 
arose the world was in a state of profound ignorance 



we now enjoy in the science of astronomy. 

It is aslomshing to think how much of their pro- 
l^esBall the sciences owe to an original idea so very 
simple. Had not Nevrion accidentuly been lying in 
an orchard, and had not that apple by chance fallen 
on hie head, we might perhaps still have been in the 
same state of ignorance respecting the motions of 
the heavenly bodies, and a multitude of other phe- 
nomena depending upon them. This subject un- 



ubte4Uy u 
d shall th< 



11 therefore be resumed in a future Letter.* 
id SeplejHbtr, ITeo. - 



OF THE KunrAL ATHUCIIOK 



Tat Newtonian System, you will easily believe, 
made at Srat a great noise, and with good reason, as 
no one had hitherto hit upon a discovery so Teiy 
fortunate, and which diiTused at once such clear light 
over every branch of science. It haa been ex- 
pressed t^ several names, of -which it ia proper you 
should be informed, because it is frequently the sub- 
ject of conversation. 

It has been denominated the system of nmversal 
cavitation ; for Heaion maintained, that not only 
ue earth, but all the heavenly bodieb in general, are 
endowed with this property — of attracting those 
which surround them with a power similar to that 
of weight or gravity; hence is derived the term 
graritasion. This power is, however, totally in- 
visible ; for we see nothing acting upon bodies, and 
pressinK them towards the earth, and still less to- 
wards the heaveidy bodies. 

The loadstone, by which iron and steel are at- 
tracted without our being able to discern the cause, 
presents aphenomenonsoraewhat similar, l^ough 
It be now certain that this is produced by a substance 
extremely subtile, which penetrates throagh the 
pores of the loadstone and of the iron, it may, how- 
ever, be affirmed, that the loadstone attracts iron, 
and that iron is attracted by it, provided this manner 
of speaking does not exclude the true cause. It 
may likewise be affirmed, then, that the eartii at- 
tracts all bodies that are near it; nay, those which 
toe at very great distances : and we may consider 
the weight or ^gravity of bodies as the effect of the 
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■ttractiOQ or the sbtUi, which acts even upon the 

Again, the sun and all the planets are endowed 
with a similar power of attraction, which exteads to 
■11 bodies. In conformity to this manner of speak- 
ing, we aaj that the sun attracta the planets, and 
that Jupiter aud Satnin attract their respectiYe satel- 
lites; hence Newton't system has likewise Iwen de- 
nominated the system of attraction. As there can 
be no doubt that bodies very near the moon must 
likewise be pressed to it W a power similar to par- 
ity, it may likewise be affirnied, that the moon too 
attracts adjoinhig bodies. 

It was natural to suppose, that this attraction of 
the moon should extend as far as thft earth, though 
it must be luidoubtedly very feeble, as we hare seen 
that of the earth upon the moon to be; now the 
same philosopher has placed this also beyond the 
reach of doubt, by demonstrating, tbi^t the flux and 
leHtuc of the waters of the lea, of which I shall 
take occasion to speak afterward, are caused by the 
attraction of the moon. li can no longer he doubted, 
therefore, that Jupiter and Saturn are reciprocally 
attracted by their respective satellites ; anS that 
the sun itself is subject to the attraction of the 
planets, though this attractive power be exceedingly 

This is the origin of the system of nniveraal at- 
traction, in which it is maintained, and with good 
reason, that not only does the sun attract the planetSt 
but is reciprocally attracted by each of them ; nay, 
that all the planetsexert their attractive power upon 
each other. The earth, then, is attracted, not onlv 
\sy the sun, but also by all the other planets, thouj^ti 
their power be almost imperceptible compared to 
that of the sun. 

You will easily comprehend, that the motion of a 
planet, which is attracted, not only by the sun, but 
by the other planets, in however small a degree, 
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most be somewhat different from what it would haye 
been were it attracted by the sun Only; and that 
consequently the attractions of the other planets 
must cause some small derangement of that motion. 
Now these derangements are likewise confirmed by 
experience ; and this has carried the system of um- 
versal attraction to the highest possible degree of 
certainty, so that no^one now presumes to dispute 
its truth. 

I must likewise remark, that comets too are sub- 
ject to this law ; that they are principally attracted 
by the sun, whose action regulates their motion ; but . 
that they likewise feel the attractive power of all 
the planets, especially when they are not veiy dis- 
tant from them. It is a general rule, as we shall see 
allerward, that the attraction of all the heavenly 
bodies diminishes in proportion to the distance, 
and increases in proportion to the nearness. Now 
comets likewise are endowed with a power by which 
other Bodies are attracted towards them, and so 
much the more sensibly as they approach netirer. 
"When, therefore, a comet passes- somewhat more 
closely to a [danet, it may derange 'the motion of 
that phinet by its attractive power; and its own will 
likewise be disturbed by that of the planet. These 
consequences are verified by real observation. 

Examples might be adduced to prove that the 
motion of a comet has been deranged by the attrac- 
tion of the planets near which it happened to pass ; 
9nd that the motion of the earth, ana of the other 
planets, has already undergone some ^derangement 
from the attraction of ccmiets. 

The fixed stars, being bodies similar to the sun, 
are likewise endowed, no doubt, with an attractive 
power; but their enormous distance prevents our 
feeling any sensible effect from it. 

6th September, 1760. 
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LETTER LIV. 



It IB eBtablisfaed, then, by ^asona whicb cannot 
. be controrerted, that a universal gravitation per- 
vades nil the heavenly bodies, by which they are 
attracted towaids each other ; and that tbia power is 
greater in proportion to their proximity. 

This fact is incontestable ; but it has been made a 
question, whether we ought to give it the name of 
hnjiuiaiim or allraction. The name undoubtedly is a 
matter of indifference, as the effect is the same. 
The astronomer, acconlingly, attentive only to the 
effect of this power, gives himself little trouble to 
determine whether the heavenly bodies are impelled 
towards each other, or whether they mutually at- 
tract one another; and the person who examines 
the phenomena only is unconcerned whether the 
earth attracts bodies, or whether they are impelled 
towards it by some invisible cause. 

But in attempting to dive into the mysteries of 
nature, it is of importance to know if the heavenly 
bodies act upon each other by impulsion, or by 
attraction; if a certain subtile invisible matter impels 
them towards each other; or if they are endowed 
with H secret or occult quality, by which they are 
mutually attracted. On this (question philosophers 
are divided. Some are of opmion, tl»t fhis phe- 
nomenon is analogous to an impulsion ; others main- 
tain, with Newton, and the EngUsh in general, that 
it consists in attraction. 

It must be observed, that the terms attract and 
dram are not perfectly synonymous ; that accord- 
in^y it is not to be supposed there is an intermedi- 
ate body between the sun and the earth. 
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ThQ English^ and those who have adopted the same 
opiuion, explain it in this manner : Tney maintain, 
that the quality of mutual attraction is proper to all 
bodies ; that it is as natural to them as magnitude ; 
and that it is a satisfying solution of the questioa 
that the Creator wiUed this mutual attraction of 
bodies. Had there been but two bodies in the uni- 
verse, however remote from each other, they would 
have had from the first a tendency towards each 
other, by means of which they would have in time 
approached and united. Hence it follows, that the 
greater a body is,, the more considerable is the at- 
traction which it everts upon others ; for as this 
quality is essential to matter, the more of it any 
body contains, the greater is its attractive force. 

As the sun, therefore, considerably surpasses all 
the planets in magnitude, its attractive force must 
be much greater than theirs. They likewise remark, 
that the mass of Jupiter b^ing much greater than 
that of the earth, the attractive force which he e:^. 
ercises over his satellites is much more powerful 
than that with which the earth acts upon the moon. 

According to this system, the gravity of bodies on 
the earth is the result of all the attractions exercised 
upon them by the particles of our globe ; and if it 
contained more matter than it actually does, its 
attraction would become more powerful,^ and the 
gravity of bodies would be mcreased. But if, on the 
contrary, the mass of the earth should happen by 
some accident to be diminished, its attractive force 
too would bQ diminished, as well as the gravity of 
bodies at its surface. 

It has been objected to these philosophers, that, 
on their hypothesis, any two bodies Whatever at rest, 
for instance, on a table, must attract each other, and 
consequently approach. They admit the conse- 
quence ; but they insist, that in this case the attrac- 
tion would be too small to produce any sensible 
effect ; for if the whole mass of the «arth, by its 
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rttnctive force, producm in ereiy boif onlj that 
. effect which we perceive in Uie weigiit of a body, a 
mass many milUona of times emaller than the earth 
will produce an effect as many times smaller. 

It must readily be admitted, that if the weight of a 
body became many millions of times less, the>elfect 
of gravity upon it must be reduced to almost nothing ; 
attraction, therefore, cannot be perceptible, except 
in bodies of very great magnitude. The partisans 
of the system of gravitation, therefore, are not vul- 
nerable on this side ; and they produce in support of 
their opinion an experiment made in Peru by the 
French academicians," in which they perceived the 
effect of a slight attraction of a prodigious mountain 
on adjacent bodies. In adopting, therefore, the sys- 
tem of attraction, we need be under no apprehension 
of its leading us to false consequences ; and it has 
hitherto been always confirmed hy the new facta 
which have been discovered. 
tr, 1760. 



p0»er fty tehieh the Hemeniy Bodies are mutualty 



Ytw are well acquainted with the property of the 
loadstone, thit of attracting iron. Von have seen 
small bits of iron and steel, such as needles, when 
jjaced near the loadstone, move to it with a force 
proportioned to their proximity. As you see no- 
ting that impels them towards the loadstone, we 
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nay that the loadstone attracts them, and this phe- 
DomeDon we call atimctton. It cannot be doubted, 
however, that there is a very subtile, though invisi- 
ble matter, which produces this effect by actually 
impelling the iron towarda the loadstone ; but as 
modes o? expresftion are regulated by appeatanceB, 
it has become customaiT to say that the loadstone 
attracts iron. 

Though this phenomenon be peculiar to the load- 
stone anil iron, it is perrectly adapted to convey an 
idea of the signification of the word attraction, wtuch 
philosophers so frequently employ. They allege, 
then, that all bodies, in general, are endowed with a 
property similar to that of the loadstone, and that 
they all mutually attract ; but that this effect does 
not become perceptible unless they are ferv great, 
and cannot be perceived when they are small. 

However great, for eiamj^e, a stone may be, it 
exercises no sensible attraction on other bodies ad- 
jacent to it, becailse its power is too small. But if 
its mass were to increase, and to become manv 
thousands of times greater, its effect would at length 
become perceptible. It has already been remarked, 
that, from actual observation, it was found that a 
lofty mountain in Peru had produced attraction, 
though indeed in a very small degree. A mountain 
still greater would produce, therefore, a more sensi- 
ble attraction; and a body much greater, such as the 
whole globe, would attract others with a force pro- 
portionably greater ; and this force would be pre- 
cisely the gravity with which we see that they ara 
actually impelled towards the earth. 

According 10 this system, then, the gravity which 
obliges all bodies to descend is nothing else but the 
result of the attraction of the whole mass of the 
earth. If this mass were greater or less, the gravity 
or weight of bodies would be proportionably greater 
or less. Hence it follows, that all the other great 
bodies in the universe, as the sun, the planets, and 
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Ibe moon, are endowed with a aimilar attractin 
power; but greater or less in proportion as thoy 
themselves are ao. 

As the sun is many thousands of timea greater than 
the earth, his attractive power exceeds tliat of the 
earth so many thousand times. The mass of the 
moon is calcinated to be forty times less than that 
of the earlh ; it will follow, that her attractive force 
is so many times less : and the same role applies to 
all the hearenly bodies. 

9(A September, 1760. 



LETTER LVI. 
The tame Svijeet ccrttmued. 

e Bjati 

evitation, each of the heavenly bodies attracts all 
rest, and is reciprocally attracted by them. 
In order to form a judgment of the force with 
which these bodies attract the others, we have onlv 
to consider two bodies whose attraction is mutual. 
And here we must attend to three things ; first, to 
the body attracting ; secondly, to the body attracted ; 
and, finally, to their distance : for on these three 
-ciicunutances the attractive power depends. 



& 



ng.i 



Let A, Fig. 33, be the attracting body, and B 1h« 
body attracted ; both of them apherical, the heavenljr 
bodies being nearly of this figure. Take for their dis- 
tance that of their centres Aaod B, that is, the atraight 



Now, with reap«ct to the n 



attract th« body B. Consequently, if A were twice 
aB,thisla 



as great as B, this last would feel an attraction twice 
as powerful exercised over it by the other; if it 
were ttuae times as great the effect wonld be triple, 
nnd so on — ^^ways supposiog' the distance of their 
centres to be the same. 

If, then, the earth contained .more or less mattttr 
than it actually does, it would attract all adjacent 
bodies with greater or less force, or their weight 
would be increased or diminished. And as the earth 
itself is attracted by the sun, the same thing might 
be affirmed as to it, should the mass of that lumi- 
nary happen to change. As to the attracted body 
B, supposing the attracting body A and the dis- 
tuice A B to continue the same, it is to bs re- 
marked, that the greater or smaller its mass is, th« 
greater or less, also, is the power with which it is 
attracted towards A. Thu3,ifthebodyB were twice 
u great, it would be attracted towards A with donblo 
the fbrce ; if three times greater, with triple the 
force, and so on. 

In order more clearly to elncidate thia remark, we 
have only to substitute the earth in the place of the 
attracting body A ; then the force with which Uu 
body B is attracted is nothing else but the weight 
of that body. Now, it is demonstrated that the 
greater or smaller the body A is, the greater or less 
also is its gravity ; hence tt follows, that while the 
attracting oody A and the distance A B continue 
the same, the attraction which B- feels precisely fol- 
lows the majnitude of that body. To express this 
circumstance, roathematicians employ the term pro- 
poriiimal; thus, they say the body B is attracted Iqr 
the body A with a force proportional to its mass ; 
tho meiuiing of whigh is, that if the mass of body B 
were twice, thrice, ot<four times greater, the attract- 
ive power would be precisely so many times in- 




creased. Thus, with respect to the attracting bodjr 
A, they eay, that the power which it ezerctseB over 
the body B ib proportional to its masa, so lon^ as 
that of B and tne ciatance A B continae the same. 

I raust further observe, that when we speak of the 
quantity of the attracting body A, or of the attracted 
body B, we mean the quantity of matter which each 
contains, and not their magnitude merely. You will 
recollect, thai bodies differ consider^ly in this re- 
spect, and that there are some, which, in a very small 
compasB, contain a ^eat deal of matter, gold, for ex- ■ 
ample, while others, such as air, contain very litUe 
in a great space. When, therefore, we here speak 
of bodies, we ore always to be understood as refer- 
ring to the quantity of^ matter which they contain: 
this is what we mean by their mass. 

All that now remains is to examine the third cir- 
cumstance, namely, the. distance A B of the two 
bodies, supposing them to continue always the same. 
It must be observed, that as the distance A B in- 
creases, the attraction diminishes : and that as they 
^)proach nearer, it increases; but in conformity to 
a law which it is not so easy to express. When the 
distance becomes^wice as great, the force with which 
the body B is attracted towards the body A will be 
twice two, or four times less ; and for triple the dis- 
tance, the attraction becomes three times three, that 
is nine times less. If the distance becomes four 
times greater, the power of attraction becomes four 
times four, that is sixteen times less, and so on. 
Finally, for a distance a hundred times ^greater, the 
power of attraction will be a hundred times a hun- 
dred, or ten thousand times less. From this it fol- 
lows, that at very great distances it must become 
altogether imperceptible. And, reciprocally, when 
the distance A B is very small, the attraction may 
be very considerable, though the bodies m^ be of 
DO great magnitude. 

lUh Septanber, 1760. 
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LETTER LVn. 
The Mtme Suijtel eontiituei. 

I mkTE now demonstrated that when a bodjr B ia 
attracted bv ft body A, the power of attnctioa is 
proporlioDal to the maas of the attracting body A, 
and to that of the attracted body B ; bat it dependa 
ID snch a degree on the distance of these bodies, 
that if it should become twice, thrice, four, or five 
timeB ^ater, the power of attrectioa would become 
four, nme, sixteen, or twenty-five times leas. 

In order to ascettain the rule of these quantities, 
we must raultip^ into itself the number which 
marks how many times the .distance ia increued, 
and the product will show how oiuxj times less the 
power of attraction has become. To put this nile 
in its clearest light, it must be observed, that when 
we multiply a number into itself, the product result- 
ing from it ia called its Mfuam. Thus, to tind these 
squares, we must multiply the numhers by them- 
selves, as below. ' 

HDlUplMbT I 3 J t a|j 7 S t\ 10 
Bqon l| 41 8lltiu|M|«|HUl|~lW 



It is clear, from this last example, that the sqnar* 
of number 12 is 144 ; and if you wish to know the 
square of any nnmber whatever, sav 358, yon most 
multiply that number by itself, as in the following 
scheme : — 




From which.we see, Hiat the square of 958 is 60,564 ; 
and the squares of all sumbers whatever may be C^ 
ciliated in like manner. 

As the distance of bodies, then, most be multiplied 
ff^ itself, it is evident that the power of attraction 
diminishes as much as the square of the distance 
increases; or, that the square of the distance be- 
-comes as many times greater as the power of attrac- 
tion is diminiahed. 

In treating subjects of this nature, mathematioianB 
employ expressions nhose signjiication it is proper 
you should know, because they sometimea occur in 
the course of conversation. If the attractive power 
increased in proportion to the square of the distance, 
we would call it proportionaHy to the square of the 
-distance ; but as ttie direct contrary takes place, and 
as the attractive power diminiaheB as the square of 
the distance increasea, we employ the tenn rtcipro- 
eally to express this contrariety, saying, that the 
power is reciprocally proportional to the sqnaie of 
the distance. It is a geometrical mode of expres- 
sion, the meaning of which you perfectly compre- 
hend i andit refers to what I have Just been attempt- 
ing to explain. 

In order to judge aright of the power which one 
body exercises over another, you have only to re- 
mars, that this power ie, first of all, proportional 
to the mass of the attracting body : then to that of 
the body attracted ; and finally, reciprocally to the 
.eqaare of their distance. Hence it is evident, Ihil 
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tfaoogti the earth, and the other planets are likewise 
attracted towards the fixed stars, the power niUBt 
be imperceptible, on account of their prodigious dis- 

Sapposing, therefore, the maas of a fixed star to 
be equal to that or the aun, at equal distances, the 
earth would be attracted towards it with a force as 

S^at as towards the sun ; but as the distance of the 
ed star is 400,000 times greater than that of the 
aun, the square of this number being 160,000,000,000, 
that is, a hundred and sixty thousand millions, the 
power with which it acta upon our globe is a hun- 
dred and sixty thousand miUions of times less than 
that of the sun; and, consequently, too feeble to 
produce any perceptible effect. For this reason, the 
attractive power of the fixed stars does not at all 
afibct the earth's motion, nor that of the planets and 
the moon ; but it is that of the sun which chiefly 
regulates their moiions, because his mass exceeds 
many thousands of times the mass of each planet. 

When, however, two planets approach, so that 
their distance becomes less than that of the sun, 
their attractive power increases, and may become 
sufficiently perceptible to derange their motion. 
Such derangement has, in fact, been observed; and 
constitutes an irresistible proof of the system of 
oniversal gravitation. Acconlingly, when a comet 
approaches very near to a planet, the motion of this 
last may be consider^ly affected by it. 

131A Septmber, 1760. 
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FaoM what has been said respectins the power by 
which all the heavenly bodies mutuaUy attract eacb 
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Other, 'proportionally to their mass and distance, 
you are enabled to comprehend how their motions 
maybe detemuned, and the real place of each body, 
ftt any ^ven time, accurately assigned. 

In this astronomy consists ; the object of which is 
an exact knowledge of the motions of the heavenly 
bodies, in order to be able to determine, for every 
instant of time, whether past or. to come, the place 
in which each of them rausrbe,andin what place of 
the heavens it muBtappear^WhetherTicwed fttim the 
varth, OT any other point whatever of the universe. 

The science which treats of motion in general is 
named mechanU», or dynamics. Its object is to 
del«miine the motion of all bodies whatever, ani- 
mated by whatever power. ThisBcience constitutes 
one of the principal branches of mathematics; and 
those who apply to it exert all their elTorts to carry 
mechanics to the highest possible degree of perfeo- 
tion. The subjects about which this science is 
conversant are, however, so intricate, that there is 
hitherto no great ground of boasting of our progress 
in the investigation of them ; and we miut rest sat- 
isfied with advancingstep by step. Not many yean 
are elacned since we beean to make any progress' st 
all in this career ; and 't^t has been done ia chiefly 
to be ascribed to the Academy of Sciences at Paris, 
which proposes annual prizes to the best proficients 
In the prosecution of this science. 

The greatest difficulty arises from the number of 
powers which act upon the heavenly bodies. If each 
of these were aitracled towards only one single point, 
there would be very little difficulty in the way; and 
the great Netoton, who died in 1738, was Ibe first 
who gave a complete demonstr^ion of the motion 
of two bodies which have a mutual attraction, in 
conformity to the law which I have laid down. In 
virtue of this law, were the earth attracted towards 
the sun only, we should be able perfectly, without 
research, to detoimine its motion. The same ttung 
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would spplr to the other planets, Saturn, Jnpitvr, 
Man, Veaus, and Mercury, it they were attracted 
only by the bud. But the earth being attracted, not 
only by him, but by all the other heaTenly bodies, 
the question bncomes infinitely more complex and 
difficult, from the great diversity of powers to which 
we must pay attention. Yoa may neglect, how- 
ever, the powers with which it ii attracted towEuds 
the fixed stars ; because, however enormous their 
masses may be, they are bo prodigiously distant, 
that the power which they exercise upon the earth 
may be considered as just nothing. 

The motion of the earth, therefore, and of the 
other planets, will always be aa perfectly the same 
as if the fixed stars did not exist. Excepting, then, 
the power of the sun, we have only to consider the 
power with which the planets mutually attract eacb 
other. Now, these powers are extremely small, 
compared to those by which each planet is attracted 
towards the snn, because the mass of the sun is 
much greater than that of each planet. 

Aa, however, these powers increase according as 
the distances diminish, so that a power four times 
greater corresponds to a distance twice less ; and « 
power nine times leas corresponds to a* distance 
three times greater, and so on, according to the 
squares of the numbers, as I explained the subject 
in the preceding Letter, it might be possible for two 
planets to approach so neat that their attractive 
power should become equal to that of the sun, nay, 
greatly exceed it. 

Fortunately, this never takes place in our system^ 
and the olanets always remain at such a distance 
from each other, that their attractive power is ever 
incomparably smaller than that of the sun. For 
this reason, without extending our views beyond 
what is thus certainly known, we may consider 
every planet as attracted only by the power of ttn 
am, and by that it is easy to detennine its motioiu 
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Tbie, faowerer, can take place odIj when we are 
dJBpoaed to rest satisfied with a result near the truth ; 
for if we wish to have more exact information, we 
must attend to those feeUer powers with which the 
planets act upon each other — powers which really 
produce the httle irremilaritieB clearly obserred by 
astronomers ; and to the attainment of the perfect 
knowledge of these is directed all the sagacity of 
both aatronomers and geometricians. 
lith Stpttmber, 1760. 



LETTER UX. 
System of the Vftmerte. 

Is order the more clearly to elucidate what I hare 
been advancing respecting the motion of the hea- 
venly bodies, and the powers which produce it, per- 
mit me to present to you (see Fig. 37, Frtmtispiece) 
the system of the nniverse, or a description of the 
heavenly bodies which compose it. 

We must, first of all, observe, that the fixed stars 
are bodies entirely similar to the sun, and luminous 
of themselves ; that they are at a very great distance 
from that luminary, and also very distant from each 
other; and that every one of them is, perhaps, of 
equal magnitude with the sun. You are already in- 
formed, that the fixed star nearest to us is at least 
400,000 times more distant thaii the sun. Each of 
the fixed stars seems designed to communicate light 
and heat to a certain number of opaque bodies, simi- 
lar to our earth, and, undoubtedly, inhabited liko< 
wise, placed near them, but which we cannot see, 
on account of their prodigious distance. 

Though it is impossible to ascertain this by actual 
observations, we must conclude it, from their anal- 
ogy to the sun, who serves to warm and to iUumi- 
nate the earth and the other planets. We know, 
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particularir «iz of these bodies ; they are not in • 
state of rest, but each of them moves round the sun, 
in the diractioD of a curve line, somewhat different 
from B circle, and which is tailed the planet's orbit. 
The suD himaelf is nearly in a state of rest, aa welt 
as all the tixed stars ; the motion which they appear 
to have being entirely owing to that of the earth. 

I have accordingly represonted, on the annexed 
sheet {Fig. 37, FrontUpitu). what is called the Solar 
System, which contains all the opaque bodies that 
move round the sun, and derive from him all the 
benefits which he imparts to us. - This sign 9 repre- 
sents the iSun at rest. You see, besides, the eleotit 
circles, representing the orbits described by the plan^ 
ets in their motion round him. 

That nearest to the sun is Mercury, marked by 
the sign 1 , and the little circle you see in the orbit 
represents the body of Mercury, who performs hu 
revolution round the sun in about S8 days. 

Next comes Ventu, marked by 9 , who cOinpIetfs 
a revolution round the bud in seven months nearly. 
The third circle is the orbit of the Earth, maritsd 
by the sign $, and which completes a revolution 
round the sun in a year. We have no other mean- 
ii^, in truth, to the word year, but the time employed 
by the earth in performing a revolution rouod the 
sun ; and the duration of the common year nearly 
approacdies to this solar year. 

But while the earth is moving round the aaib 
there is another body moving round the earth, and 
keeping the direction of its orbit ; this is the Mean, 
whose own circle, or orbit, is mariced by J". 

The two first planets. Mercury and Vemtt, liavtt 
no visible bodies which attend themi; neither has 
Mars 3, which is the fourth, and perfonns his revo- 
lution in about two years. 

The next circle is the orbit of Jvjiiier, marked by 
U, who performs his revolution m twelve yeiU3 
neariy. RoundhimmoTefouraateliitca,repre»ented 
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in the Plate, with their orbits, and marked by the 
figures 1, 3, 3, 4. 

The next circle is the orbit of Satvm, marked 
thus, V, who employs almost thirty years in per- 
forming one revelation roond the sun. This planet 
is attended in his course by seven satellites, marked 
by the figures 1, 3, 3, 4, 5, 6, 7. Thus, then, the 
solar system consists of six (now elevtn) primaiy 

Stanets, Mercury S , Venus fi , the Earth 5 , Mars S, 
upiter U, Saturn ^, and eighteen secondary plan* 
ets or satellites, namely, the Moon, the four attend- 
ants of Jupiter, the seven of Saturn,* and the six of 
the Georpum Sidus. 

This system contains, besides, several comets, the 
number of which is unknown. The figure on the 
Plate represents one of them, whose orbit differs 
from Uiat of the planets, because it is drawn out 
into extreme length, so that a comet sometimes 
approaches very near to the sun, and someiimes 
removes to nich an immense distance as entirely to 
disappear. Of comets it has been remarked, that 
one finishes his revolutions in his ortnt in about 
sixty years ; this is the one that was visible last 
year.f As to the other comets, it is certain that 
they employ several centuries in performing one 
revolution in their orbits ; and as, in past ages, no 
eractobservationsweremadeoftbem, we are totally 
in the dark with respect to their return. Of these, 
then, consists the solar system ; uid, most probably, 
every fixed star has one similar to it. 
nih September, 17M. 
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The tame Stibjeci contimttd. 

In addition to what I have said reBpecting- the 
solar system, I mnst comtnutiicate some obserra- 
tjons for the explanation of the RgureB. And, first, 
it mnst be remarked, that the lines which mark the 
paths in which the planeta move have no real exist- 
ence in the heavens, as the whole immensity of space 
in which they move is a vacuum, or rather filled 
with that subtile matter which we call tho ether, 
and which 1 have already so oAen mentioned. 

Again, the orbits of the planets are not all in the 
same plane, as the fi^re presents them : but if the 
orbit which the earth describes round the sun is 
properly represented on the paper, we must imagine 
the orbits of the five other planets to be partly ele- 
vated, and partly depressed, with reference to it ; 
pr that the orbit of each planet bears upon it aa 
oblique direction, making an intersection with the 

Saper, under a certain angle, which it is impossible 
) represent in a figure drawn upon a plane. 

Further, the orbits of the planets are not circles, 
as the figure appears to indicate, but rather some- 
what oval, one more, another less so ; no one, how- 
ever, recedes very considerably from the circular 
fonn. The orbit of Venus is almost a perfect circle; 
hut those of the other planets are more or less ex- 
tended lengthwise, so that these planets are some- 
times nearer to the sun, sometimes farther off. 

The orbits of comets are particularly distinguish- 
able, being greatly extended m length, as represented 
in the figure. As to the moon, and the satellites 
of Jupiter and Saturn, their orbits, too, are nearl7 
circular. 

Neither must we conceive them as moring in one 
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and the same direction, as they appear on the plane 
of the papeF^ for they do not remain in the aame 
place, but are themselves carried round the suo 
along with the primarv planet to which they belong. 
It is thus we must understand the lines represented 
in the lupire. Imagination musi supply what it is 
impossible, on a plane surface, accurately to exhibit. 

You are now enabled to comprehend with ease 
what the late Mr. de Fontenelte meant to display, in 
his book on the plurality of worlds. The earth, 
with its inhabitants, ia sometimes denominated & 
world ; and every planei, pay, every one of the sat- 
eUites, has an equal right to the same appellation — it 
beinc highly probable that each of these bodies is 
inhabited as well as the earth. 

There are twenty-nine worlds, then, in the solar 
system alone. And every fixed star being a sun, 
round which a certain number of planets perfonn 
their revolutions, and of which some have, ubdoobt- 
edly, their satellites, we have an almost infinite 
number of worlds, similar to our earth, considering 
that the number of stars perceptible to the unas- 
sisted eye exceeds some thousands, and that the 
telescope discovers to us an incomparably greater 
number. 

If it is meant to comprehend under the name of 
tporid the sun, with Uie planets and their satellites, 
and which derive heat and Ught from him, we shall 
have as many worlds as there are Sxed stars. But 
if by the term laotid we imderstand The earth, with 
all the heavenly bodies, or all the beings which were 
created at once, it is clear that there can be hut one 
world, to which we refer every thing that exists. It 
is in this sense the term vsorld is employed in philos- 
ophy, particularly in metaphysics i it ia in this sense 
we say that there is but one world, the assemblage 
of all created beings, past, as well as present and 
future, whose existence is subject to general laws. 

Wben, therefore, philosophers dispute, whether 
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OUT world is &« best or oot, they proceed on the 
suppoBilion of a plurality of worlda ; and some main- 
tarn that the one which exists is the best of all those 
which conld have existed. They consider the Deity 
as an architect, who, intending to create this world, 
traced several different plans, of which he selected 
the best, or that in which the greatest perfections 
were all combined, in the highest degree, and exe- 
cuted it in preference to all the others. 

But the great quantity of evil that prevails, and is 
diffused over the surface of our globe, and which 
flows trom the wickedness of raao, eugeests an im- 
portant inquiry, nsmely. Whether it would have been 
passible to create a world wholly exempted from 
these evils! 

In my opinion, B distinction must be carefiDUy 
insde tietween the plans of a world which shoula 
sontain corporeal subatancas only, and those of 
snother wond, which should contain bein^ intelli- 
gent and free. In the former case, the choice of tti« 
best would be involved in very little difficulty ; but 
in the other, where beings intelligent and free con- 
stitute the principal part of the world, the determi- 
nation of what is best is infinitely beyond our ca- 
pacity ; and even the wickedness of free agents may 
contribate to the perfectionof the worldin a manner 
which we ate un^le to comprehend. 

It would appear that philosophers have not been 
■ufflcientljr attentive to this distinction, however 
essential it may be. But i am too sensible of my 
own incapacity to enter any deeper into this dUBcult 
question. 

lith Septrmber, 17«0. 




LETTER LXI. 

AnoU Irregvlarittes in the Molioni of Me PlaneU, 
caused by their mutual Attraetion. 

Ih order to determine the motion of the bodies 
which compose the solar system, it is necessary to 
distin^ish the primary planets, wltich are Mercury, 
Venus, the Earth, Man, Cera, PaUai, Juno, VelUt, 
Jupiter, Saturn, and the Georgium Sidia, from their 
sateUites, namely, the moon, the four sateUitee of 
Jopiter, the term of Saturn, and the rix of the Geor- 
giiun Sidua. 

II has been ezplained to you, that these eleven plan- 
ets are principally attracted towards the BUii, or that 
the foice with wluch they are impelled towardshim is 
incomparably greater than the powers which they 
exert one upon another, because his mass is incom- 
parably greater than that of the planets, and because 
they never sufficiently approach to each other to 
render their reciprocal attraction very considerable. 
Were they attracted only towards the suit, their mo- 
tion would be sufficiently regular, and easily deter- 
mined. But the feebler powers of which I have 
been speaking occasion some slight irregulaiities in 
their motion, which astronomers are eager to dis- 
c<^er, and which geometricians endeavour to deter- 
mine on the principles of motion. 

An important question is here agitated — namely, 
The poierrt lohich act upon a body being Imomn, Aoto U> 
find the motion of that bodt/ T Now, upon the princi- 
ples above laid down, we are acquainted with the 
powers, 10 the influence of which every planet is 
aabjected. Thus the motion of the earth is some- 
what affected, first, by the attraction of Venus, which 
BOmetimes passes very near it; and. secondly, by 
that of Jupiter, which, on account of the prodigiooi 
89 
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mass of this planet, becomes consideTaUe, lliongli 
he be always at a, great distance. The mass of 
Mais is too small to prodnce any perceptible effect, 
though he is sometimes very near ua; and Saturn, 
though his mass be tbe greatest next to that of Ju- 
piter, is too diatant. 

The moon, though her mass be very amall, pro- 
duces, however, some deiangement, from hei beW 
very near the earth. The comet which appeared 
last year was seven tiihes nearer to us than aw son 
when bis distance was smallest ; there is a great 
degree of probability, therefore, that it may bxre 
deranged the earth's motion, especially if his mass 
was considerable — a circumstance with which wo 
are not acquainted. If this comet were as great u 
the earth, tna effect must have been very consider- 
able ; but its apparent smallness induces me to believe 
that its mass is much less than that of the earth, and 
consequently its effect must have been proportionally 
leas. When we saw this comet, however, it had got 
to a great distance : at the time when it was nearest 
it was invisible to us, but it must have speared very 
brilliant to our antipodes. 

What has been said respecting the deranReraents 
occasioned in the earth's motion takes place ukewise 
in the other planets, regard being had to their moM, 
and to their proximity. As to the moon, and the 
other secondaryplauets, the principle of their motion 
is somewhat different. The moon is so near the 
earth, that the attraction she feels from hence greatly 
exceeds that of the sun, though the mass of this 
luminary be many thousands of times greater than 
that of the earth. Hence it is that the motion of the 
moon followB that of the sarth, and that she remaina, 
as it were, attached to it, which makes the moon to 
be considered as a satellite to our planet. 

Had the moon been placed much farther from ns, 
and had she teen attracted less towards the earth 
than towvda the sun, aba would ba¥« becomo a pri- 
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nury planet, and perfonned her own rerolntiou 
round the BUD ; bnl she ib 300 times ne&rar to lu 
than abe ia to the aun; hence it is evident that be 
must exercise a much feebler influence upon her 
than the earth does. The nioon being principallr 
attracted by two bodiea, the sun and the earth, it is 
evident that the determination of ber motion muat 
be much more difficult than that of the primary 
planets, which are subject to the anraction of the 
sun only, excepting the slight derangements which 
have been mentioned. The motion of the moon haa 
accordingly in all ages greatly embarraased philoao- 
phera ; and never have they been able to ascertain, 
tor any future given time, the exact place of ths 
moon m the heavens." 

You perfectly comprehend, that in order to pre- 
dict an eclipse, whether of the moon or of the sun, 
we must be able accurately to ascertain the moon's 
place. Now in calculating eclipses formerly, ^ter« 
was frequently a miatake of an hour or more, the 
eclipse actually taking place an hour earlier or latar 
than the calculation. Whatever pains the ancient 
BSlronomera took to determine the moon's motion, 
they were always very wide of the truth. It was 
not till the great Nnetmi discovered the real powen 
which act upon the moon, that we began to approach 
nearer and nearer to truth, after having surmonntad 
many obstacles which retarded our progresi. 

I ioo have employed much time and attention on 
Ae subject : and Mr. Mayer of Gottingen, pursuing 
(be track which I had opened, has arrived at a de- 
gree of precision beyond which it is perhapa imposai- 
Ue to go.\ Not much more, then, than ten yean 
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Iksre elapsed since we could boast o{ any thing like 
accurate knowledge of the moon's motion. Since 
that time, we are able to calculate eclipses so ex- 
actly as not to make the mistake of a single minute ; 
whereas before, there was frequently tbe difference 
of eight minutes and more. To analysis, then, we 
aie indebted forthis important discovery, the source 
of unspeakable advantages, not to the astronomer 
only, but likewise to the geographer and the navi- 

33<f September, 1T60. 



LETTER LXIl. 
Deieriplim of the Flax anJ Refiux of the Sea. 

Thi attractive power of the heavenly bodies ex- 
tends, not only to the mass of the earth, but to all 
the parts of which it is composed. Thus, all the 
bodies which we see on the surface of the earth are 
attracted. Dot only towards the earth itself, frooi 
which results their gravity, and the weight of every 
one in particular, but likewise towards the sun, and 
towards all tbe other heavenly bodies ; and that 
more or less, according to the mass of these bodies 
and their distance. 

Now it is evident, that the force with which a 
body, say a stone, is attracted towards the earth, 
roust be incomparably greater than that with which 
the same body is attracted towards the sun, the 
other planets, and the moon, because of their great 
distance. Such a body, being at a distance from tbe 
centre of the earth equal to a r»ltus of this globe, is 
60 times farther from the moon. Though, then, the 
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mass of the moon were equal to that of the earth, 
the attraction towards ihe moon would be 60 times 
60, that IB 3600 times less than the attraction towards 
the earth, or the gravity of the body. But the maM 
of the moon is about 70 times less than that of the 
earth ; hence the attractive power of the moon be- 
comes still TO times 3600, that ia, 369,000 times leas 
than the gravity of the body. 

Again, though the sun be many thousands of 
times greater than the earth, he is about 94,000 times 
more mstant from us than the centre of the earth ; 
and for this reason the attraction of the sun upon a 
stone is ertremely small compared to its gravity. 
Hence you see that the gravity of terrestrial bodies, 
which is nothing else but the force with which they 
are atti&^d towards the earth, cannot be percep- 
tibly aflected by the attraction of the heavenly 
bodies. 

Thou^ this attraction, however, be verr incon< 
siderable, there results from it a remarkaole jiM- 
nomepon, which long puzzled philosophers ; I mean 
the tidet, or the flux and the reflux of the sea. It 
occnrs BO frequently, even in common conversatioiL 
that it ia almost a matter of necessity to understand 
it. For this reason, I propose to explain more ml- 
nutely this singular phenomenon, and to unfold the 
causes which produce it. 

I begin, then, with the description of the wefl- 
known phenomenon of the Jlur and rwliir of the sea. 
Hardly any one is ignorant, that by far the greatest 
part of the surface of our globe is covered with a 
mass of water, called the tea, or the ocean. This 
immcnae fluid mass is very different from rivers and 
lakes, which, according to the different seasons of 
the year, contain sometimes less water, sometimes 
more, whereas in the sea the quantity of water at 
all times continues nearly the same. It ia, however, 
.lAaeTTed, that the water of the sea lises and falls 
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alternately with wonderful regularity twice' every 
twentv-faur hours. 

If, lor iosCaiice, in a harbour the water is aow at 
itfl greatest height, it will preseotly begin to subside ; 
and this decrease continues for six hours, at the eod 
of which its depth will be at the lowest. It then 
begins again to rise, and the increase likewise lasts 
six hours, when it is again at its greatest depth. It 
immediately begins again to fall f<ir six hours, and 
then rises as many ; so that in the space of about 
twenty-fourhours the water rises and falls twice; and 
arrives alternately at its jin'eatest and least depth. 

It is this alternate increase and diminution of the 
water of the sea which we call it8_f!ux and reflux, or 
its Bowing and ebbing; and more particularly, the 
Bux denotes the time during which it increases or 
rises, and the reflux the time of its decrease or fall- 



the subject of our present disquisition. 

It is first of all to be remarked, that the difference 
between rising and falling keeps pace with the varia- 
tions of the moon. At full and new moon the water 
rises higher than at the quarters; and about the 
time of the vernal and autumnal equinoxes, in the 
niontha of March and September, this alternate mo- 
tion of the sea is roost considerable. A great dif- 
ference is likewise observed, according to the situa- 
tion uf the coasts. The flux in some places is never 
more than a few feet, while in others the rise is 
forty feet and upwards. Such are the tides in the 
DOrts of St. Malo in France, and of BrUtoi in Eng- 

It is further to be remarked, that this phenomenon 
is perceptible chiefly in the ocean, where there is a 
»ast extent of water; and that ifl seas bounded and 
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confined, such as the Baltic and the Mediterrmian, 
it U much less considerable. The interval from the 
flux to the succeeding reflux is not exactly sixhours, 
but about eleven minutes more ; so that the aame 
changes do not take place the day aileT at the same 
hour, but fall out about Ihree-quartcra of an hour 
later: so that a revolution of thirty days is requisite 
to brine them round to the same hour; now, tnis is 
precisely the period of one revolution of the moon, 
or the mterval between one new moon and that 
which immediately follows. 
SUA Seplember, 1700. 



LETTER LXin. 



Wbeh the water of the sea rises at any place, we 
are not to imagine that it EweUs from any iDtemal 
cause, as milk does when put in a vessel upon the 
fire- l^e elevation of the sea ia produced by a real 
increase of water flowing hither from some other 

Elace.* It is a real current, which is very percepti- 
ie at sea, conveying the waters towards Ine place 
where the flux is. 

In order to have a clear comprehension of this, 
you must consider that in the vast extent of the ocean 
there are always places where the water is low, while 
it is high at others ; and that it is conveyed from the 
former to the latter. When the water rises at any 
place, there is always a current, conveying it from 
other places, where it is of course at that time low. 
It is an error, therefore, to imagine, with some au- 
thors, that during the flux of the aea the total mass 
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of WHter becomes (treater, and that it diminisheB 
during the reAux. The entire masa or bulk of water 
Temains ever the same; but it is ai^joct to a per- 
petual oaoillation, by which the water is alternately 
transported from certain regions to othen; and 
when the water is high ai any place, it is of courae 
low somewhere else, so that the increase at places 
where it is high is precisely equal to the decrease 
at thoae where it ta low. 

Such are the phenomena of the Our and reflux or 
the sea, the cause of which ancieht philosophers en- 
deavoured to discover, but in vain. Kepler, iaoXher 
respects a great astronomer, and the ornament of 
Germany, ^lieved that the earth, as well as all the 
heavenly bodies, was a real living animal, and con- 
sidered the flux and reflux of the sea as the effect of 
its respiration. According to this philosopher, men 
and beasts were just like insects feeding on the 
back of the huge animal. You will hardly expect 1 
should go into the refutation of an opinion so ridi- 
culous. 

Descartes, that great French philosopher, endeav- 
oured to introduce a more rational philosophy ; and 
remarked, that the flux and reflux of the sea was 
principally regulated by the moon's motion i which 
was indeed a very important discovery, though the 
ancients had already suspected a connexion between 
these two phenomena. For if high water, or the 
top of the flux, happen to-day at noon, it will be low 
water at eleven minutes after six in the evening: it 
will rise till 39 minutes after midoig;ht \ and the next 
low water will be 33 minutes after six in the rooming 
of the day after ; and the ensuing high water, or flux, 
will be three-quarters of an honr after noon ; so that 
from one day to another the same tides are later by 
three-quarters of an hour. 

And as the same thing precisely takes place in the 
moon's motion,.which rises always three-qoaiters of 
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m hour later flian the preceding day, it was pTeium- 
utile that the tides foUowt^d the course ol the moon. 
If Bt any given place, for example, on the day of 
new m^n, high water happen to be at tUtee of tbo 
clock, afternoon, you could rest assured that ever 
alter, on the first day of the moon, the flux would 
invariably be at the height at three o'clock afternoon, 
and that every following day it would fall later by 
three-quarters of an hour. 

Asain, not only the time when every flax and re- 
flux happen exactly followsthe moon, but the strengUi 
of the tides, which is variable, appears still to depend 
on the position of the moon. They are everywhere 
stronger after the new and full moon, that is, at these 
periods the elevation of the water is greater than at 
other times ; and alter the ftrst and last quarters, the 
elevation of the water, during the flux, is smaller. 
This wonderful harmony between the tides and the 
motion of the moon was, undonbtedly, sufficient 
ground to conclude, that the chief cause of the flux 
and reflux of the sea was to be sought for in the 
action of the moon. 

Descartes accordingly believed that the moon, in 
passing over us, pressed the atmosphere, or the air 
which surrounds the earth, and thai t&e air, preasinK 
on the water, in its turn forced it to subside. Had 
thijS been the case, the water must have been dft> 
pressed at the places over which the moon was, and 
the eame effect should be produced twelve boars after 
in the ensuing tide; which, however, does not hap- 
pen. Besides, the moon is too distant from the 
earth, and the atmosphere too low, to be impressed 
by the moon ; and admitting that the moon, or aay 
■• • -e to pass along the atmosphere, 



tended pressure. 
This attempt of Descariet to explain the flux ■ 
Vol. I.— T 
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reDnz of the sea has therefore failed; bnt the con- 
nexion of ihis phenomenon with the moon's motion, 
which this philosupher liiis so clearly unfolded, en- 
vied his successors to employ the application of their 
researches with more eRect. This shall be Oie sub- 
ject of eoine following Letters. 
aath September, 1760. 



LETTER LXIV. 



DnciRTis's method of eiplaining the flux and 
reflux of the sea, by the pressure of the moon upon 
our atmosphere, not having succeeded, it was rea- 
sonable to look for the cause of it in the attraction 
which the moon exercises upon the earth, and con- 
sequently also upon the sea. 

The attractive power of the heavenly bodies hav- 
ing been already sufficiently established by so many 
other phenomena, as I have shown, it could not lie 
doubtM that the flux and reflux of the sea must be 
an effect of it. As soon as it is demonstrated that 
the moon, as well as the other heavenly bodies, is 
endowed with the property of attracting ail bodies 
in the direct ratio of their mass, and in the inverse 
ratio of the square of their distance, it is easily com- 
prehended that its action must extend to the sea; 
and the more so, as you must frequently have ob- 
served that the smallest force is capaUe of agitating 
a fluid. All that remains, therefore, is to inquire, 
whether the attractive power of the moon, such as 
we suppose it, is capable of producing in the sea 
the agitation kiiown to ui by the name of fltu and 
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L«t the annexed figure, 

S. 34, represent the earth 
the moon. A in ths 
place where we see the mooa 
over the earth ; B that which 
is directly oppoaite, or the 
antipodes of A ; and C is the 
centre of the earth. As the 
point A is nearer the moon 
than the point B, a bodjr at A 
is more powerfully attracted 
towards (he moon than a 
similar body at B. And if 
we suppose a third similar < 
body to be placed at the 
centre of the earth C, it is 
evident that the body A will 
be more powerfully attracted 
towards the moon than the 
body C, and this last than the body B, becanae the 
body A is nearer to the moon, and the body S 
more remote than the body C. But similar bodies 
placed at E and F are almost as much attracted br 
the moon as that which is at the centre of the eartlt 
C, as they are all three nearly equidistant from the 

Hence we see that bodies placed on the surface 
of the eaith are not all eqnally attracted towards the 
moiiii. This inequality of attraction depends on the 
inequality of their distance from the centre of the 
moon L, so that a body is so much the more power- 
fully attracted hy the moon aa its distance is less; 
and the contrary takes place according as the dis- 
tance is i^ater. 

To these diflerences in the action of the moon on 
bodies differeutly situated we must here chiefly pay 
attention ; for if all bodies were equally attracted 
tovards the moon, they would equally obey ttua 
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power, and DO derangement could take place in their 
mutual situation. 

You can easily form the idea of seyeral carriages 
drawn along by powers perfectly equal ; they will 
proceed on the road, always preserving the same 
order, and the same distances ; but as soon as some 
of them advance more briskly, and others more 
slowly, the order will be deranged. The same thing 
takes place in the case of the different bodies which 
are attracted by the moon ; if they all felt in the 
same degree the action of that luminary, they would 
preserve the same relative situation, and we should 
perceive no change in them: but as soon as the 
force with which they are attracted towards the 
moon varies as to each of them, their order and their 
relative situation necessarily change, unless they 
are attached to each other by bands ^^ch that power 
is unable to burst asunder. 

But this is not the case with the sea, as all the 
particles of a fluid are easily separated from each 
other, and every one may obey the impressions 
which it receives. It is evident, then, that when 
the powers which act on the different parts of the 
sea are not equal to one another, an agitation, or 
derangement, must be the consequence. 

We have just seen that the different parts of the 
sea are attracted unequally by the moon, according 
as they are imequally distant from her centre ; the 
sea must, therefore, be agitated by the force of the 
moon, which, continually changing her situation with 
respect to the earth, and perfprming a revolution 
round it in about twenty-four hours and three-quar- 
ters, makes the sea undergo the same changes, and 
presents the same phenomena in the same period of 
twenty-four hours and three-quarters ; the flux and 
reflux must, therefore, be retarded from one day to 
another three-quarters of an hour, which is cois 
firmed by constant experience. 

It now remains that we show how the alternate 
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eleralion ind d«preMion of tli« sea, which nicceed 
each other after an interval of six hours and eleven 
minutes, result from the inequalit; of the powers of 
the moon. This 1 propose to examine in my next 
Letter. 
4i& October, 1760. 



LETTER LXV. 
7^ Mine Subject eonlinutd. 

You have seen that the moon causes no alteratioti 
in the state of the earth, but in so far aa she acts 
unequally on its different parts. The reason of it is, 
that if all its parts equally felt the same action, they 
would be equally attracted, and no change in their 
relative situation nould result from it. 

But a body being at A {Fig.3i, p. 3IQ), nearer tho 
moon than the centre of the earth C, is more power- 
fully attracted to il than a body at C would be ; it 
will approach it, then, with ^ater velocity than thii 
last : from hence it necessarily follows, that the body 
A retires from the centre C, and approaches the 
moon; as if there were two chariots, the one at A, 
the other at C, and if the chariot A were drawn to- 
wards L with greater force than the chariot C, it 
would remove from C. It is thus that the power of 
the moon haa a tendency to withdraw the point A 
from the centre C. 

Now, to remove a body from the centre of the 
earth is to raise it ; and the water at A being now 
the thin^ in question, it is certain that the force of 
the moon lends to raise the water which is at A, by 
apowerequdtothe exeeas of the attraction towards 
the moon felt at A above that felt at C. By this 
power, then, the moon raises the waters of the earth 
which are immediately under her. 

Let us now, likewise, attend to a body at B, 
TS 
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directly opposite to the point A ; the centre of the 
earth C, more powerfully attracted by the moon 
than the point B, will approach nearer to it, end this 
last, so to speak, will remain behind, jiut as a char- 
iot which is drawn more slowly than that which 
I»ecedes it. The point BwiU consequently remove 
ftom the centre C, and rise ; for to remove from the 
centre of the earth, and to ris^ is one and the same 
thin|. 

Il IB eTident, therefore, that the power of the moon 
tends to raise the waters, not only at A, but likewise 
at B, the point diametrically opposite, and that by a 
force equal to the difference of the attraction of the 
moon at B and at C, which is less at B than at C, 
Now, those who are at A have the moon directly 
above them, or in their zenith ; and those who are 
at B see nothing of ihe moon, because she is then 
in a point of the heavens diametrically opposite to 
their zenith, called nadir. 

Hence it appears, that at whatever part of the sea 
it may be, the water must rise equally when the 
moon is in the zenith of that place and in its nadir, 
or, when the moon is at its ^eatest elevation above 
the horizon, or ai its i^eatest depression under it. 
At the intermediate periods, when the moon is in 
the horizon, either rising or setting, she exercises 
DO power capable of raising the sea ; a small contrary 
power tendeeven to make it f^. 

According to this system, st the place of the sea 
where the moon is in the zenith, its power has a 
tendency to raise the waters ; about six hours after, 
when sne has reached the horizon, her power has 
a tendency to make them fall. Twelve hoora and 
twenty-two minutes after, the moon being then at 
the point most distant under the horizon, she exer- 
cises the same power to raise the water ; and at the 
end of eighteen hours thirty-three minutes, when 
she has got to the opposite horizon, the waten are 
fallen ; till at length, twenty-four hours and foity- 
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fire minutes from the first period, she returns to the 
zenith, raising the water as on the preceding day; 
and this is confirmed by unifornt experience. 

This alternate elevation and depression of the sea 
at intervals of six hours and eleven minutes, having 
such a perfect conformity with the moon, leaves us 
no room to doubt thai the ^ux and reflux of the sea 
are caused by the attractive power of the moon. 

It is a remarkable circumstance that she acta 
equaHy on the sea, in raising it, whether she is at her 
greatest height above the horizon, or at the most 
diatant point under it. This appeared at first very 
strange to philosophers, who imagined that the moon 
must produce under the hojizon an effect contrary 
to that which she produces when in the zenith. But 
you see clearly that the moon produces the sam* 
effect in these two diametrically opposite positions j 
as I have demonstrated in the ngure above referred 
to, that the effect of the moon is the same at A and 
stB. 

7a OetoJw, I7M. 



LETTER LXVI. 
The lamt Subject 

From what has been said respecting the flux aud 
reflux of the sea, you must be sensible that the sya- 
tero of Neteton, which I have adopted, is directly 
contrary to that of Detatrtei. According to this 
last, the moon exercises a pressure, and the sea must 
suhEide at places situated direclly under her : but, 
according to NeictOT^ she acts by attraction, and 
forces the water to rise at these very niaces. 

Experience, then, must determine wnich of theso 
two systems is to be received. Na more is neces- 
sary than to consult the observations made with re- 
spect to Uie ocean, in order to see whether the water 
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rises or falls when the moon ia in the zenith. Re< 
course haa actually been had to this; but it ia Tound 
that when the moon is at either the zenith or nadir 
or a pven place, the water there is neither high nor 
low i and that high water does not take place till 
some houm alter the maun has paased the zenith. 

From this circumstance, persona who examine 
things Buperflciall; concluded at once that neither 
of the systems waa admlasible ; and the Cartesians 
have taken advantage from it, presuming, that if 
Naelon'i was rejected, that of Dtjcarta must neces- 
sarily be adoptwl, though the observations referred 
to are as contrary to the aystem of Detcartei as they 
appear to be to that of Neaton. 

But the system of Detcariei ia overturned by this 
■ingle phenomenon, that the sea is always m the 
same state ader a period of twelve hours and 
twenty-two mimiteH, or that ita state ia always the 
aame, whether the moon be above or below the 
horizon ; and it is impoEsible for its aupportera to 
show how the moon, being over the heads of our an- 
tipodes, can produce the same effect as when she is 
over ours- For thia purpose, see FSg. 35. 

Experience proves that the 
stale of the water at A is the 
same, whether the moon be at 
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quentjy the zenith of the anti- 
podes at B. The effect of the / 
moon, then, on the water at A, i 
ia the same in both caaea. But 
if the moon acted by pressure, 
according to Dttcartet, it would 
follow that when the moon ia at 
M, the water at A must fall ; and 
if she were at N, it ia impossible 
that the water at A should undergo the i 
presaare, 
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In the Bystem or attraction, on the contrary, it is 
incontestably certain, that the action of the moon 
muat t>e nearly the same whether that luminary ba 
at M or at N ; and this ia demonatrat«d by actual 
observation. 

I must here repeat a preceding explanation, be- 
cause it is a matter of the utmost importance. When 
the moon is at M, the point A is nearer it than the 
centre C ; it is therefore more powerfully attracted 
than the centre ; the point A will remove from the 
centre, consequently it will then rise ; the moon, 
being at M, has a tendency to raise the water at A. 
Let us now see what effect the moon, being at N, 
will produce, where she arrives in twelve houra and 
twenty-two minutes after she was at M, As the 
point A ia more distant from the moon at N than the 
centre C, it will be more feebly attracted ; the cen- 
tre C will advance with greater velocity towards N 
than the point A; the distance A C will accordingly 
become greater; the point A will therefore m 
more distant from the centre C. But to be mora 
distant from the centre of the earth is to rise, con- 
sequently the moon, being at N, makes the point A 
to ascend, that is, she has a tendency to raise the 
water at A, as if the moon were at M. 

But here experience presents a very formidable 
. objection ; for it is observed, that the moon being at 
M, or at N, the water is not then at its greatest ele- 
Tstion at A. This does not take place till a con- 
siderable time after, and thence some have been in- 
duced to reject this explanation alto^ther. But 
yon will easily see that their decision is extremely 
precipitate. 

I have not said, that when the moon is at M or N, 
the water at A is at its greatest height ; I have only 
said, that the power of the moon has then a tsBdency 
to make the water rise. But the water at A could 
not rise unless its quantity were increased ; and that 
increase can be produced only by the Aowing of th». 
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water ^ro other parts, Bome of them TCr^ diatant. 
A considerable time, therefore, is reouigile to the 
accumulation of k sufficient quantity of water ; it is, 
then, very natural to suppose that high water at A 
shoidd not take place for some time ^er the moon 
has passed M or N. This observation, therefore, is 
so far from overturning our system, that it tends 
strongly to conRrm it. 

There is no room to doubt that the power which 
has a tendency to raise the sea must precede its 
greatest elevation, nay, that a considerable time 
must intervene, aa the water muat flow thither from 
places very remote, that is, from places where the 
water must be low, while it is high at A. If the 
water has to pass through straits, or has its current 
otherwise obstructed, high water will be still more 
retarded ; and if in the ocean it is high water at A 
two hours aner the moon has passed M or N, it will 
not be at the height in narrow and bounded seas for 
three hours or more : and this perfectly agrees with 
daily observation. 

niA Oetebtr, 1760. 
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T7tt $anu Svb^iel 

It is no longer, then, a matter of doubt, that the 
flux and reflux of the sea is caused by the attractive 
powerof the moon. But there remains one difficulty 
more to be removed; Why is the motion of the sea 
much more considerable at the time of new and full 
moon than at the quarters ! if the moon were 
nearer the earth when she is new, or full, than 
when she is in her quarters, there would be no diffi- 
culty in the question, as her proximity would in- 
crease her power. But though the moon approacbea 
the earth aometimes more, sometimes less, the dif- 
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ferotce is alwsjra too small to occuion a change so 
coDsider^le in the flux and reflux of the sea. 

BphMpd, this difference is not regulated by the 
new and full moon ; and it may happen that tho 
moon, in the intermediate quarters, should be nsarer 
to UB than when she is new or full. We must hara 
recourse, therefore, to another cause ca^Hible of in- 
creasing the flux and reflux of the sea at the new 
and full mooD, and of diminishing it at the intermo- 
diate quarters. 

The system of attraction shows us at flrst, that it 
is the action of the sun which, joined to that of Uie 
moon, furnishes a complete solution to lUl the pho' 
nomena presented to us by the flux and reflux of ttia 
sea. Indeed, all that I have said respecting the 
power which the moon exercises on the sea m 
equally applicable to the snn, whose attractive power 
acts likewise unequally on all the parts of the 
earth, accordin|r as they are more or less remoto 
from him. The attraction of the sun is even much 
more intense than that of the moon, as it chiefly 
tegulates the motion of the earth, ajxl carries it 
round its orbit. 

As to the motion which he communicates to tho 
sea, it depends on the inequality of that action, with 
relation to the different points of the surface of (he 
earth, which are more or less attracted towards the 
sun than its centre — as I have already shown you, 
in explaining the effect of the moon. If all the parts 
of the earth were attracted equally, no change in 
their mutual situation would take place. But though 
the power of the sun be much greater than that of 
the moo[i, the inequality, with relation to dilfereot 
parts of the earth, is nevertheless smaller, on account 
of the groat distance of the sun, which is 400 times 
farther from us than the moon. The difference of 
the power with which the centre of the earth, and 
the points of its surface, are attracted towards the 
sun, is therelbre very Nnall ; and from calculations 
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Bctnally made, it is found to be three times less, 
nearly, than that nf the moon upon these points. 
■ The attractive power of the sun alone, then, would 
lihewJBe be capable of causing the flux and reflux of 
the sea ; but it would be about three times less than 
that which is the effect of the combined influence of 
these two luminaries. 

It is evident, then, that the flux and reflux of (he 
sea are produced by the power of both the sun and 
the moon, or that there are really two tides occa- 
sioned, the one by the moon, the other by the sun, 
and called the lunar tide and the sotaT tide. That 
of the moon, nearly three times greater, follows its 
motion, and from one day to another is retarded 
three-quarters of an hour; that which follows the 
action of the sun would constantly correspond to 
the same hours of tfie day, if it .existed alone, or if 
there were no moon. These two tides, the lunar 
and the solar, together produce the flux and reflux 
of the sea : but as the one and the crther separately 
make the waters of the sea alternately to rise and 
ftill, when it happens that these two causes con- 
jointly make the sea rise and fall, its flux and reflux 
become much more considerable ; but when the one 
tends to raise the sea, and the other to lower it, at 
the same place, when they act in contrary directions, 
the one will then be diminished by the other, and 
the lunar tide will be weakened by the solar. Ac- 
cording as these two tides assist or check each 
other, the flux and reflux will then be more or loss 
considerable . 

Now, as at the time of new moon the sun and 
moon are in the same parts of the heavens, their 
effects being perfectly in unison, the flux and reflux 
must then be greatest, being equal to the sum of the 
two tides. This wdl equally take place at the time 
of full moon, when the moon is opposite to the son, 
as we know that she produces the same efl^t, 
tiusffa the be in a point of the heavens diameirt- 
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rally opposite to the flnt. The flux and reflux 
must therefore be greater at new and full moon 
than at the first aiul last quarters. For then the 
power of the sun is exerted to lower the water*, and 
that of the moon to raise them. It is evident, there- 
fore, that at these eevons the flux and reflux mort 
be less considerable: and actual observation con- 
firm s it. 

~ I mig;) 

.__.!, that the effisci of the moon, or o. . __ 

Bomewhat greater when these bodies are at the 
equator, or equally distant from the two poles of the 
^obe : which happens at the time of the equinoxes, 
towards the end Of the months of March and Septem- 
ber. It is found, loo, that at that time the tides are 
stronffest. It follows, beyond all doubt, then, that 
the tides, or the flux and reflux of the sea, are 
caused by the attractive power of the moon and of 
the sun, inasmuch, as these powers act unequally on 
the different parts of the sea. The happy explana- 
tion of this phenomenon, which had so dreadfully 
perplexed the ancients, is a complete confirmation 
of the system of attraction, or of universal gravita- 
tion, on which is founded the motion of all the 
heavenly bodies. 

Ulh October, 1760. 
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HiTUfB given you a general but exact idea of 
the powers wtiich produce the principal phenomena 
of tlie universe, and on wliich are founded the 
motions of all the heavenly bodies, it is of import- 
■noe to consider with more attention thou powen 
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which are the principal points of the eifsteiii of 
attraction. 

It is supposed in this system, that alt bodies rnu- 
tualiy attract each other in the ratio of their mass, 
and rebtively to their distauce, in conformity to a 
law already explained. The, satisfactory manner in 
vhich moat of the phenomena in nature are ac- 
counted for proves that tliis supposition is founded 
in truth; and that the attraction which different 
bodies exercise upon each other may be considered 
as a most undoubted fact. It now remains that we 
inquire into the cause of these attractive powers ; 
but this research belongs rather to the province of 
metaphysics than of mathematics. 1 dare not 
therefore flatter myself with the prospect of abso- 
lute success in the prosecution of it. 

As it is certain that any two bodies whatever are 
attracted to each other, the question is. What is the 
cause of this attraction 1 On this point philosophers 
are divided. The English raaijitaiD that attraction 
is a property essential to all the bodies in nature, 
and that these bodies, hurried along by an iiresist. 
ible propensity, tend mutually to approach, as if they 
were impelled by feeling. 

Other philosophers consider this opinion as ab- 
surd, and contrary to the principles of a rational 
philosophy. They do not deny the fact ; they even 
admit tfiat powers exist which are the causes of the 



that they belong to the ether, or the subtile matter 
which surrounds them, and that bodies may be put 
in motion by the ether, just as we see that a body 
plunged into a fluid receives several impressions 
from it. Thus, according to the lirst, the cause of 
the attraction resides in the bodies themselves, and 
■a essential to their nature; and according to the 
last, it is out of the bodies, and in the fluid which 
BniTOunds them. In this case, the term attractioa 
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effect is the same whether two bodies are reci[ffo- 
CBlly impelled or attracted, the word Eittraction 
need not give offence, provided it is not pretended 
by that term to determine the nature itselT of the 
cause. 

To avoid all confusion which might result from 
this mode of expression, it ought rather to be said 
that bodies move as if they mutuaUy attracted each 
oQier. This would not decide whether the powers 
which act on bodies reside in the bodies themselve* 
or out of them ; and this manner of apeakiog might 
Uius suit both p»tieB. Let us confine ottrselves to 
the bpdies which we meet with on the surface of 
the earth. 

Every one readily admits, that all these would 
tail downwards, unless they were supported. Now, 
the question turns on the real cause of this fall. 
Some say that il>is the earth which attracts these 
bodies, by an inherent power natural to it ; others, 
that it is the ether, or some other subtile or invisible 
matter, which impels the body downwards : so that 
the effect is, nevertheless, the same in both cases. 
This last opinion is most satisfactory to those who 
are fond of clear principles in philosophy, aa they 
do not see how two bodies at a distance can act 
upon each other, if there be nothing between them. 
The others have recourse to the diviue Omnipotence, 
and maintain that God has endowed all bodies with 
a p^^c i^f mutual attraction. 

Though it be dangerous to venture on a dispnta 
Goncoming tlie limits of Divine power, it is never- 
theless certain that if attraction were an immediate 
work of that power, without being founded in the na- 
ture of bodies, this would be the same thing aa say- 
ing that Godimmediately impels bodies tow^s each 
auter, and this would amount to a perpetual miracle. 

Let us suppose that before the creation of ths 
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world God had created only two bodies, at a dis- 
tance from each other ; that nothing abeiolutely ex- 
isted out of them, and that they were in a state of 
rest ; would it be possible for the one to approach 
the other, or that they should have a propensity to 
approach 1 How could the one feel the other at a 
distance t Whence could arise the desire of ap- 
proaching 1 These are perplexing questions. But 
if you suppose that the mtermediate space is filled 
with a subtile matter, we can comprehend at once 
that this matter may act upon the bodies, by impel- 
ling them : the effect would be the same as if tbey 
possessed a power of mutual attraction. 

Now, as we know that the whole space which 
separates the heavenly bodies is filled with a subttte 
matter, called ethers it seems more reasonable to as- 
cribe the mutual attraction of bodies to an action 
which the ether exercises upon them, though its 
manner of acting may be unknown to us, rather than 
to have recourse to an unintelligible property. 

Ancient philosophers satisfied themselves with 
explaining the phenomena of nature from qualities 
which they called occult, sapng, for example, that 
opium causes sleep, from an occult quality, which 
disposes it to procure sleep. This was saying just 
nothing, or rather was an attempt to conceal igno- 
rance. We ought, therefore, likewise to consider 
attraction as an occult auality, in as far as it is given 
for a property essential to bodies. But as the idea 
of all occult qualities is now banished from philoso- 
phy, attraction ought not to be consid^ed in this 
sense.* 

18/A October, 1760. 

* Tke rraaoninfl of the taarned atiUior In this I^etter l» obrkmily rtgy 
deficient in cog«o«y or point. The quality, or moduM operandi^ of fete 
ether in brinf ing the two bodiee together, appears to be ae occult aa the 
qfuality orattraciton. It ia diflleutt to perceive why a elreQmaiiiUeoteilier 
•hottld haTe a greater tendency to bring two bodiee togecHer than it tea 
lo aeparate theoi, or why iu eflbct aboold be aimllar to aitractlOQ any 
■MM ttaa to rqialahm.— iim. Bd, 
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Thi metaphysical disqiiiBition, Whether bodies 
may be endowed nilh an internal power of attract- 

3 each other, without being impelled by an exter- 
force, cannot be lerminated titt we have exam- 
ined more particvdarl^ the nature of body in gene- 
ral. As this subject la of the last importance, not 
only in mathematics and physics, but in every branch 
«f philosophy, you must permit me to go into a more 
particular detail of It. 

First, it is asked. What is body 1 Hovrerer absurd 
this qneslion may appear,'a8 no one is ignorant of 
the diflerence ^tween what is body and what is 
not, it is, however, difficult to ascertain the real 
characters which constitute the nature of bodies. 
The Cartesians say it consists in extension, and that 
whatever is extended is a body. They clearly un- 
'derstand that extension has in this case three dimen- 
flions, and that a sinsle dimension, or extension in 
length only, gives omy a line ; and that two dimen- 
sions, length and breadth, form only a surface, which 
still is not a body. To constitute a body, therefore, 
we must have three dimensions, and every body 
must have length, breadth, and depth or thickness; 
in other words, an extension in three dimensions. 

But it is asked, at the same time, if every thing 
wUch has extension is a body. This must be the 
case if the definition of Dtteartes be just. The idea 
which the vulgar form of spectres contains exten- 
sion; it is, however, deniea that, they are bodies. 
Though this idea be purely imaginary, it serves to 
prove, however, that something may have extension 
without being a body. Besides, the idea which w« 
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have of space contains, undoubtedly, an extension 
with three dimensions. It is admitted, nevenheleas, 
that space alone is Dot a body ; it only TunuBhes the 
place which.bodies occupy and fi!I. 

liet us suppose that all those things which are at 
present in my apartment, Air and enery thing, were 
annihilated by the divine Omnipotence, there would 
remain still in the apartment the same length, 
breadth, and height, but without a body in it. Here, 
then, is the possibility of an extension ihat shall 
not be a body. Such a space, without body in it, is 
called a Tacuum ; a Tacuum, then, is extension with- 
out body. 

It may likewise be said, according to the Tulcsr 
superstition, that a spectre has extension, but that 
body or corporality is wanting to it. It is clear, 
then, that extension is not sufficient to constitute a 
body, — that something more is aeoessary; hence it 
follows that the definition of the Carteaiana is not 
exact But what more is necessary, besides exten. 
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tnoiuhabodybeatrest, whatever may be the cauBw 
whicn preserve it in that state, it wouM, however, be 
possible to move it, prorided the powers applied to 
it were suSicient. By this, space is excluded from 
the class of bodies, as we see that space, which 
only serves to receive bodies, remaina immoveable, 
whatever motion the bodies that it ctmtaia may 
have. 

It is likewise said that, by the help of motion, 
bodies are Inmsported from one place to anothw ; 
by whichVe are given to understand that the {daces 
and space remain unchangeable. My wartment, 
however, with the vacnum which I have above aof- 
posed, mi^t undoubutdly be moved, and actnally is 
so, as it follows the motion which carries round tha 
earth itself; here, then, is a vacuum in motion, with- 
out being a body. The vulgar mpetBtition, too, be- 




BUKNCE or BODIBI. < 3SS 

atowB motion on BpeCtrea ; and this is suScient to 
prove that the power of being moved aod extension 
alonedo not constitute the nature of bodies. Some- 
tMag more is wanting ; there must be matter to con- 
stitute a body, or rather, it is this which distinguishes 
3 real body frMn simple extension, or from a spectre. 

Here, then, we are reduced to explain what is to 
be nnderstood by the term rnatter, without which ex- 
tension cannot be body. Now, the signification of 
these two terms is so much the same, that all tiody 
is matter, and all matter is body ; so that even now 
we have made no great progress. We easily dis- 
cover, however, a general character, inseparable 
tram all matter, and consequently pertaining to all 
bodies ; it is impenetrability, the impossibility oftieiiig 
penetrated by other bodies, or the impossibility that 
two bodies should- occupy the same place at once. 
In truth, impenetrability is what a vacuum wants in 
order to be a body. 

It will perhaps be objected, that the hand may be 
■easily moved through air and through vater, which 
are nevertheless acknowledged bodies ; these, then, 
must be penetrable bodies, and consequently impene* 
trabiUty is not an inherent character of all bodies. 
Bnt it is worthy or remark, that when you plunge 
-yonr hand into water, the particles of the water 
make way for your hand, and that there is no water 
in the space which your hand occapies. If the 
hand could move through the water while that fluid 
did not make room for it, but remained in the place 
which the hand occupied, then it would be penetra- 
ble ; but it is evident this is not the case. Bodies, 
then, ore impenetrable : a body, therefore, always 
excludes from the place which it occapies every 
other body ; and as soon as a body enters into any 
place, it is absolutely necessary that the body which 
occupied it before tnoutd leave iL This is the sense 
-wiiich we must affix to the term impenetrsbiUty. 

81(1 Ocl«der, 1760. 
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LETTER LXX. 
An^sneiroKUy of Bodiet. 

Tbi inatancc of a spnnge will perhaps be pro- 
duced as an objection to tbe impenetrability of 
bodies, which plunged into water appears completely 
penetratiid by it. But the particlea of the apungfi 
are very far from being so, in such s manner as that 
one particle of the water should occupy the aamv 
place with one particle of the spunjie. We know 
that spunge is a very porous body ; and that befora 
it is put into the water its pores are filled with air ; 
aa BOon as the water enters into tbe pores of the 
Bpunge the air is expelled, and disengages itself 
under the forni of little bubbles ; so that in this case 
no penetration takes place, neither of the air by the 
water, nor of the water by the air, as this last always 
makes its escape from the place into wbidi the 
water enters. 

It is, then, a general and essential property of all 
bodies to be impenetrable; and consequently the 
Justness of this definition nlust be admitted, t/^a^ a 
tody is an impenetrablt exiemion ; as not only all 
bodies are extended and impenetrable, but likewise 
reciprocally, as that which is at the same time ex- 
teooed and impenetrable is beyond contradiction a 
body. Vacuum is accordingly excluded from the 
class of bodies ; for though it has extension, it wants 
impenetrability; and wherever we meet with a 
vacuum; there bodies maj" be introduced without 
thrustbg any thing out of its place. 

We muBt attempt to remove another difficulty 
nlsed against the impenetrability of bodies. There 
are, say tbe ot>)ectors, bodies which admit of com- 
pression into a smaller apace : as, for example, wool, 
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-and especially air, which it is possible to reduce 
into t, space a thousand times smaller than what it 
occupiee. It appears, then, that the different parti- 
clss of air are reduced ia the same place, and that 
consequently they mutually penetrate. 

There Is, however, nothiiu in this ; for the air 
too is a body or a sutratance full of empty pores, or 
filled with that fluid, incomparably more snbtile, 
which we call tther. In the flrat case no penetration 
will ensue, as the particles of air only approach 
nearer to each other according as the Tacuum is 
diminished ; and in the other case, the ether finds a 
anfflcieney of small passages by which to escape as 
the pajticles of the air approach each other, but all 
the while without any mutual penetration. For this 
TMSon it is necessary to employ a greater force 
when we want to compress the air more; and if the 
air were compressed to such a denree that its mi< 
nnte particles touched each other, we could not 
carry the compression farther, because, were it pos- 
sible, the minute particles of the air roust mutually 
penetrate. 

It is, then, a necessary and fundamental law in 
nature, that no two bodies can penetrate each other, 
or occupy the same place at once ; aitd it is in con- 
formity to this principle that we must look for the 
real source of all the motions which we ubserro in 
all bodies and of the changes which befall them. 
As two bodies cannot continue their motion without 
penetrating each other, it is absolutely necessary 
that the one should give place to the other. If, then, 
' two bodies are moving in the same line, the one to 
the left, the other to ^tie right, as it frequently h^>- 
pens at biUiards, if each were to continue its mo- 
tion they must mutually penetrate ; but this being 
impossible, as soon as they come to touch a shock 
takes place, by which the motion of each body is < 
almost instantly changed; and this shock is pro- 
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duced in nature only (o prevent penetration. The 
motion of each body is precisely changed no further 
than ia necessary to prevent all penetration ; and hi 
this consists the real cause of all the changes lybich 
happen in the world. 

When all these changes are attentively considered, 
they ar9 found always to take place in order to pre- 
vent some penetration, which without these changes 
must have ensued. At the moment I am writing, I 
observe that if the paper were penetrable, the pen 
would pass freely into it without writing ; but as the 
paper sustains the pressure of my pen moistened 
with ink, it receives from it some particles which 
form these letters, which could not happen if bodies 
penetrated each other. 

This propertf of all bodies, known by the term 
wweiietrabUily, is then not only of the last importance 
relatively to every bianch of human knowled^, but 



ders. It merits, then, an attentive examination, in 
order that we may be enabled to explain morecleuiy 
the nature of bodies, and the principles of every 
apecies of movement commonly called huos of 
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Of the Motion of Boiitt, real and 

Aj.l bodies are at rest or in motion. However 
evident this distinction may be, it is almost impos- 
sible tojudf^ whethera body is in the one state or 
in the other. The paper which I see on my table 
seems to me realty at rest ; but when 1 reflect that 
the whole earth ia moving with that utoniahiof 
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TcHodty which 1 explaiaed, in a former Letter,' ra^ 
bouse, my table, and the paper muBt abnolutely be 
carrioil along with the same rapidity. Thus evtry 
thin^that seeiDBto be at rest has in reality the same 
motion as the earth. 

We must therefore diBtinsnish between two kinds 
of rest 1 the one absolute, tne other apparent. Ab* 
solute rest takes place when a body remaina con- 
stantly in the same place, not with relation to tiM 
earth, but with relation to the universe. If the fixed 
stars remained always in the aame place of the uni- 
verse, they would be at rest, though they seem to 
move very rapidly ; but as wh are not certain of it, 
we must not pretend to affirm that the fixed stars 
are in a state of absolute rest. 

A body is eaid td be in a state of apparent reat 
when it preserves the aame situation on the earth. 
It is likewise to be presumed that these terms, rest 
and motion, have been introduced into language to 
msik rather appearances than truth; and in this 
sense I affirm, without hesitation, that my table ia at 
rest aa well as the whole earth; and thai the son 
and the fixed stars axe in motion, and that a ve^ 
rapid motion, although they are really at rest. We 
should, therefore, be ascribing strange and purely 
metaphysical ideas to these expressions, if we un- 
derstood by them abiolute ml or motion; and it is 
absurd to employ, as some persons do, passages of 
the Holy Scriptures to prove that the earth ia at 
rest, and the sun in motion. 

Language is formed for ^neral use, and philoao- 
phers are under the necessity of forming a particular 
language for themselves. As we are incapable to 
JudgQ of absolute rest, it is very natural for us -to 
consMer those bodies as at rest which preserve the 
aune situation relatively to the earth, as it is very 
pmbaUs the inhabitants of other [toiets likewise 
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form their judgment of r^t fh>m the eame ritnation 
relatiTelv to their reapective planet. 

We obaetve, that navigators consider aa at leM 
the objects which preserve the Bame situation iel&. 
tively to their vessel, and that the coaslfl which ihef 
discover appear to them to be in motion ; and no one 
thinks of finding fault with their using the conunou 
modes of expression. There is, therefore, a gnA 
diSercnce between rest and motion, real or abaoints, 
and between rest and motion apparent, or relative to 
s body, considered at the time as in a state of rect, 
though perhaps it mav be in motion. The principles 
or lawrs of motion refer chiefly to the absolute state 
of bodies, that is, to their rest or motion, real or 
absolute. In order to discover these laws, we begin 
with considering a body singly and abstractedly from 
aU others. 

This hypothesis, though it never can take place, is 
in reahty very proper (o assist us in distinguiehing 
what is operated by the nature of body itself, from 
that which other bodies are curable of operating 
upon it, 

Let a body then be alone, and at rest ; it may be 
asked, Wilt it continue at rest, or will it begin to 
move * As there is no reason which should incline 
it to move to one side rather than to another, it is 
concluded that it would remain always at rest. The 
same thing must happen on the supposition of the 
existence of other bodies, provided they do not act 
on the body in qnestion ; hence results this i\inda- 
mental law : Whm a body it onee in a $taU of re*l, 
and nothing external act* upon il, it wiii remain aiwvjfi 
in ikai state : and if it begtn (o move, the eouie of bmk 
tion tceuld be out of ii, lo thai there i* nothing jn tit 
tody ittelf tohich ia capabie of pulling it in n^tiom. 
When, therefore, we see a body which has beeo'tf 
rest begin to move, we niav rest assured that thii 
motion has been occasioned by an exterior powor, 
u there is nothin; in Ike body 'itself capable of put- 
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ting it in motion ; and if it were alono, and out off 
from all communication with other bodies, it would 
remain always at rest. 

However well founded thin law may be, and how- 
ever entitled to rank with geometrical truths, there 
are persons little accustomed to profouDd investig^ 
lioD who pretend that it is contradicted by expe- 
rience. They allege the example of a thread to which 
3 stone is appended ; the stone is at rest, but falls 
the mojnent that the thread is cut. It ia certain, 
say they, that the action by which the thread is cut 
is not capable of making the stone move ; the stone, 
therefore, must fall by a power which is proper to 
itself, and internal. 

The fact is certain; but it is evident, at the same 
time, that gravity is the cause of the descent, aod 
not an internal power in the stone. 

They eay, further, that gravity may be an intrinsic 
power, attached to the nature of the stone ; on 
which it must be remarked, that gravity is produced 
either by a subtile matter or by the attraction of the 
earth. In the first case, it certainly is that subtile 
matter which causes the descent of the stone ; in 
the second, which appears favourable to our oppo- 
nents, it can with no propriety be aflirnied that the 
■tone descends by an intrinsic power; it ia rather 
the earth which contains the cause of it, and which 
produces the descent of the stone by its attractive 
power ; for if the earth did not exist, or were deprived 
of its attractive power, they admit that the stone 
would not descend. 

It ia certain, therefore, that the cause of the de- 
scent does not reside in the stone itself: the cause 
then is always extrinsic, whether it be in the subtile 
matter or in the earth, supposing it to be endowed 
with an attractive power, as the partisans of attrac- 
tion pretend. This difficulty being removed, the law 
whichi have laid down subsists in full force — namely, 
that a body, once U nat, wiU always leoiain lo, ua- 

Vot. I.— X 
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less it be put in rootion by some toteigo canse- This 
law must take place, provided the body has been at 
rest bat a shiple instant, though it was in motioa im- 
mediately before ; Smd when once reduced to a state 
of rest, it will always preserve that state, unless some 
foreign cause intervene to pnt it aKain in motion. 
This principle being the foundation of sU mechanicB, 
it was necessary for roe to establish it witb all pos- 
uble precision. 
SSlk October, 1760. 
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(y Vtaferm, Accelerated, and Retarded Motion. 

I ■bttrh to the case of a body placed in soch a 
manner ss to have no connexion with any other. 
Let us suppose it to have received some motion, 
from whatever cause ; it remaias that we inquire, 
What will anerward liappen to it < Will it conliniie 
, to move ! or will it suddenly return to a state of 
rest; or after some timet You must be sensible, 
that this is an inquiry of some importance, and that 
all our researches respecting the motion of bodies 
depend upon it. Let us examine if, by means of 
reasoning, we are able to resolve it. 

A body is at rest as long as il and all its parts 
remain in the same place ; and it is in motion when 
that body, or some of its parts only, pass ft'om one 
place to another. Now, there are two things to be 
considered in motion, the direction and the velocity. 
7^ direction is the place towards which the boay 
is carried, and the velocity ta the space, greater or 
less, through which it moves in a certain time. I 
am persuaded yon have already juster ideas of this 
than 1 could communicate by the moat ample expla- 
nation. I remark only, that as long as a body pre- 
•ervea the same direction, it mores in a straight tane 
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—and reciprocalljr, aa lon^ as a body moves in a 
straight line, it preserves the same direction ; but 
when it mores in a curre, it is oontinuaUy changing 
its position. 
If a body, then, Fig. 96, moves in the curve ABC; 

Fig.W. 




when it is at A, its direction is the small line A a; 
when it is at B. its direction is the small line Bb; 
and at C, the small line C c. Let these small lines 
be produced ; the continuations of which are marked 
b}r the straight doited lines A L, B M, C N ; and it 
will be affirmed, that when the body passes through 
A, its direction is the straight line A L, because, if 
the body preserved the same direction which it had 
at A, it would move in the straight line A L. It is 
evident, then, that it moves in the curve only in so 
far as it is continually changing its direction. And 
when it arrives at B and at C, the direction from 
which it deviates is expressed- by the straight lines 
B M and C N. 

A body preserves the same velocity in its motion 
as long as it moves through equal spaces in equal 
times. This motion is caUed um/arm. Thus, for 
ezam[^, if a body moves in such a manner as always 
to proceed ten feet during every second, we call this 
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motion unifonn. ]f another bodj proceeds twenty 
feet in a second, ite motion too would be unifonn, 
but its velocity would be twice as great as that of 
the preceding. 

From what I hare just said of the unifonnitT of 
motion, it is easy to comprehend what is not uniform 
moiion ; for when the velocity of a body is not eqiul, 
its motion is not nniform. When the velocity of a 
body goes on increasing, its motion is said to be 
acctlerattd; and when it is continually diminishlDg, 
we say it is retarded. In thia laai case, the velocity 
may corae to be retarded to such a degree that th« 
bodV shall at length come to a state of rest. 

Having made these remarks on the velocity aitd 
direction of moving bodies, I return to the caae of a 
solitary body, which I suppose to be put in motion 
by any cause whatever. As soon as it has begun to 
move, it must have acquired a certain direction, and 
a certain velocity ; and the question is, Will it after- 
ward pniserre the same direction and the same 
velocity ; or will it undergo some alteration ! We 
cannot affirm that it will be reduced to a state of rest 
in an instant, for in this case it could not have had 
any motion, all motion supposing duration, however 
short. Now, as long as the motion lasts, it is cer- 
tain that the direction will remain the same. 

In truth, it is impossible to conceive why the body 
should go out of its road, to one aide rather than to 
another ; and aa nothing comes to pass without rea- 
son, it follows that the body in question will always 
persevere in the same direction, or that its motion 
will proceed in a straight line, which Is a great step 
made towards the decision of the question. 

It is likewise maintained that the velocity of the 
body of which I speak cannot change, for in that 
case it must either increase or dimmish: and no 
reason can be assigned capable of producing this 



change. Hence it is concluded, that 'this body will 
" e to move with the sum velocitra 
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continually in the direction of » straigfat line, wlth- 
oat ever deviating from it, and alwayii with equal 
speed. This motion will be performed, then, always 



in a straight line, and with an equal velocity, without 
ever being slackened or retarded; the body, there- 
fore, will never be reduced to a state of rest. 

What has been said of a body, which 1 have sup- 
posed solitary, would happen in like manner to our 
globe, if no other bodies had any influence upon it; 
for then it would be the same thing as if they did not 
exist The question, then, is resolved. A body in 
motion will always preserve it in the same direction, 
and with the same velocity, unless some external 
cause interpoae capable of altering' its motion. So 
long, therefore, as a body is not subject to the action 
of some external cause, it will remain at rest, if it 
has once been in a state of rest; or will be moved 
in the direction of a straight line, and always with 
the same velocity, if it has once been put in motion ; 
and this ia the tirst and principal law of nature, on 
which the whole science of motion must be founded. 

Prom it we deduce at once this conclusion, that u 
often as we see a body which was at rest put in 
motion, or a body nioTing in a curve line, or whose 
Telocity chimges, it is certain that sn external cause 
acts upon it. No change can possibly take jdace 
«lther as to direction or velocity, but what is tho 
operation of a foreign cause. 

Ul November, 1740. 



LETTER LXXIII. 

PftMeipal laa of Motion and Sal. Dupute* of iW> 
' lotophtrt on lAt Suijtel. 

Wim whatever solidity this principle is «stab- 
Usfaed, that every body put in moC '" 
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move in the same direction, and with the same ve- 
locity, unleeB some exterior cause interpose to de* 
rang« this motion — it Iihb nevertheless been com- 
bated by certain philosophers, who have never made 
any great progress in the science of motion ; while 
those to whom we are indebted for all the ^at 
discoveries which have been made in this science 
unanimously agree, that all their researches have 

r needed entirely on this principle. It is attacked 
two sects of philosophers, whose objections I 
proceed to propose, and shall endeavour to refute. 
It is alleged by the one, That all bodies have a 
propensity to rest, which is their natural state, and 
that motion is to them a state of violence ; so that 
when a body is put in motion, it has a tendency from 
its very nature to return to the state of rest ; and 
that it makes every effort to destroy its motion, in- 
dependently of every external or foreign cause. 
They allege, in proof, experience so convincing, 
according to them, that we know of no motion in 
nature that does not very sensibly betray this reluc- 
tance. Do we not see, say they, on the billiard -tahla, 
that with whatever force we strike a ball, its motioii 
is quickly slackenod, and it soon returns to a statu 
of rest. As soon aa the motion of a clock ceases to 
be kept up by the external force which set it a-going, 
it qtops. It is remarked of all machines in general, 
that their motion lasts no longer than the extenial 
powers by which they are agitated. Hence they 
conclude, that a body put in motion is so far IVum 
preserving it from any thing in its own nature, that, 
on the contrary, an external force must be employed 
to keep it up. 

You must be sensible, that if this conclusion is juat, 
onr principle is completdy subverted; as, in virtue 
of this principle, the ball and the machines in ques- 
tion, once put in motion, must always preserve tJie 
same, unless external causes have occasioned some 
vbaqga id it Thus, in the experimentB referred to. 
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Ind there been no external cause which tended to 
destroy the motion, we should have been under the 
BeceasiW of abandoning our principle. 

But it we attend to every thing, we shall find so 
many obBtacles opposed to the inotinn, that we need 
no longer wonder it Hbould be so speedily eztin- 
gniahed. In Tact, it ia first the Triction on the billiard- 
table which diminisbea the molioa of the ball, for it 
OHinot advance without rubbing- against the cloth. 
Again, the air, being a substance, causes Ukewiae a 
resistance capable of diminishing the motion of 
bodies. To be convinced of this, you have only 
to move your hand rapidly through the air. It is 
erident, then, that in the case of the billiard-table, 
it ia the friction and the resistance of the air which 
counteract the motion of the ball, and soon reduce 
it to a state of rest. 

Now, these causes ate eitemal, and it is easily 
compr^ensible, that but for these obstacles the 
motion of the ball must have always continued. The 
aame reaaoning is applicable to machinea of all 
kinds, in which the friction which acts on the dif- 
ferent parta is so considerable, that it is visibly a 
very sufficient cause of soon reducing the mschme 

Having, then, discovered the real causes which 
[troduce, in the cases alleged, the extinction of mo- 
tion, and that these causes are external, and not re- 
sident in the moving body, it is evidently false, that 
bodies have in their nature a propensity to rest. Our 
jmnciple, therefore, subsists in full force, and evea 
acquires additional strength from the preceding ob- 
jections. Every body, then, always preserves the 
motion which it has once receiveid, unless foreiga 
causes interpose to change the direction, or the vaw- 
tity, or both at once. And thus we have got rid of 
one jriialanx of the adversariea who combat our prin- 
ciple. 

The other is mare foimidaMe, for they are no lest 
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than the celebrated Wolffian philosophers. They do 
not indeed openly declare against our principle, nay 
they even express much respect for it ; but they aa- 
vaoce others which directly oppose it. 

They maintain, that all bodies, in virtue of their 
nature, are niaJung continual efforts to change their 
state ; that is, when they are at rest, they make aa 
effort to move ; and, if they are in niotion,-make con- 
tinual efforts to change their velocity and directign. 
Tliey allege nothing in proof of this assertion, except 
certain crude reasonings, drawn from their System of 
metaphysics, which 1 si i all hereafter take occasion to 
lay before you. 1 only remark, at present, that this 
opinitw ia contradicted by the principle which we 
have so Srnily estabiisfaed ; and by experience, which 
is in perfect conformity with it. 

In fact, if it be true that a body at rest remains, 
in virtue of its nature, in that state, it must be nn- 
doubtedly false that it should make, in virtue of its 
nature, continual efforts to change iU state. And if 
it be true that a body in motion preserves, in virtue 
of its nature, this motion, in the same direction, and 
with the same velocity, it is impossible that the samo 
body should, in virtue of its nature, be making cod- 
tinim efforts to change its motion. 

These philosophers, in attempting to maintain, at 
the same time, the trae principle of motion, and theii 
own absurd opinion, have fallen into self-contradic- 
tion, and thereby subverted their own system. It is 
therefore placed beyond the reach of dispute, that 
OUT principle is rounded in the very nature of body, 
and that whatever is contrary to it ought to be 
banished from sound philosophy: and this same prii^ 
ciple enablea us to clear it of certain subtilties in 
which it has been involved. 

This principle is commonly expressed in tiie two 
following propositions: First, A body once at rut 
■ariU remain etemaUy at rat, Hidt** it he put in motion by 
tan* external or foTtign emue : Secondly, ^ iody unc* 




m metUm wUi mteme it ettmaUf, m the tame dine- 
tiOH, andwith the lamerreloeity ; or viillproeeed urith a 
miform motion, in a ilraig/u line, unlets it it diitwbed 
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Cf the Inertia of Bodiea : Of Power; 

Aa we say that s body, so lon^ as it is at reat, ra- 
■nains in tfie same state, so we likewise say of ■ 
body in motion, that as long as it moves in the sama 
direction, and with the same velocity, it remains in 
the saine state. To continue in the same state, then, 
signifies nothing more than to remain at rest, or to 
pTenerve the same motion. 

This manner or speaking has been introduced for 
the purpose of expressiDE more succinctly our gmod 
principle, that every bony, in virtue of its nature, 
preserves itaelf in the same state till an extraneous 
cause come to disturb it — ihot is, to put the body ia 
motion when at rest, or to derange its motion. 

It mnat not be imagined that a body, in order to 
preserve the same state, must remain in the same 
fdace ; this, indeed, is the case when the body is at 
rest ; but when it moves with the same velocity, and 
in thin same direction, we say, e<]ually, that it con- 
tinues in the same state, though it ia every instant 
changing its place. It was necessary to make this 
remark, to prevent the posBlbility of confoundinff 
change of place with that of state. If it be now 
asked, Why bodies continue in the same state 1 th« 
answer mnst be, that this is in virtue of tbeir peco- 
Ijar natnre. 

jUI bodiast in as far » they an oamiMMed of mat* 
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ter, have the propert]' of remaining' in the aame 
state, if they are not drawn out of it by some exter- 
nal cause. This, then, is a property founded on 
the nature of bodies, by which they endeavour to 
preserve themitelves in thr tame tlalt, whether of 
rest or motion. This quality, with which all bodies 
are endowed, and which is essential to them, is called 
uiertia, and it enters as necessarily into their consti- 
tution as extension and impenetrability — to such a 
deirree, that it would be impossible for a body to 
exist, divested of this inertia. 

This term was first introduced into philosophy by 
those who maintained that all bodies have a propen- 
sity to rest. They considered bodies as somewbat 
resemblinK indolent persons, who prefer rest to ex- 
ertion, and ascrUied to bodies an aversion to motiin, 
■irailar to that which sluggards have for hibour ; the 
term inertU signilyinff nearly the same thing' as slug- 

K'lness. But though the falseness of this opinion 
been since detected, and thoug-h it is certain that 
bodies remain equally in their state of motion as ia 
that of rest, yet the term inertia has been still re- 
tained, to denote in general theproperty of all bodies 
to continue in the same state, whether of rest or of 
motion. 

The exact idea of intrtia, therefore,' is a t«pug- 
nance to every thing that has a tendency to change 
the state of bodies; for as a body, in virtue of its 
nature, preserves the same stale of motion, or of rest, 
and cannot be drawn out of tt but by external causes, 
it follows, that in order to a bodv's changing its 
state, it must be forged out of it by some external 
cause ; without which it would always continue in 
the same state. Hence it is that we give to this 
external cause the name of pomer or force. It is a 
term in common use, though many by whom it is 
employed have but a very imperfect idea of it. 

From what 1 have just said, you will see that the 
word .^rM signifies every thing that ia cqtaUe of 
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chaiwlng the state or bodies. Thus, when a bod7 
which has been at rest h pnt in motion, it is a force 
which producpn this effect ; and when a bodv in mo- 
tion changeB its direction, or velocity, it is likevrise 
a Torce which produces this change. Ereiy change 
of direction, or of velocity, in the motion of a body, 
requires either an increase or a diminution of force. 
Such force, therefore, is always ont of the body 
whose state is changed ; for we have seen, that a 
body left to itself preserves always the sains stale, 
unleas a force from without acts upon it. 

Now, the inertia by which a body tends to preserve 
itself in the same state exists in the body itself, and 
is an essential property of it; when, therefore, an 
sztemal force changes the slats of any body, the 
inertia which woold maintain it in the same state 
Opposes itself to the action of that force ; and faence 
we comprehend, that the inertia is a q^uality suscep- 
tible of measurement, or that the mertia of one 
body may be greater or less than that of another 
body. 

But bodies are endowed with this inertia in as far 
as they contain matter. It is even by the inertia, 
or the resistance which they oppose to every change 
of slate, that we judge of the quantity of a body ; 
tnertia of a body, accordinjfly, is greater in propor- 
tion to the quantity of matter which it contains. 
Hence we conclude, that it requires a greater force 



body contains more matter than the small one. 
may even be affirmed that this single circumstance, 
the inertia, renders matter sensible to us. 

It is evident, then, that the inertia is susceptible 
of measurement, and that is the same wilh the 
quantity of matter which a body contains \ as we de- 
nominate likewise the quantity of matter in a \>0&f 
its mass, the measnre of the mertia is the mom ■« 
that of the tout. 



To this, then, is reduced our knowledge of bodies 
in general. FiTsl, we know that all bomes have an 
extension of three diraecsions i secondly, that they 
are impenetrable ; and hence results their general 
property, known by the name of inerita, by which 
the]' preserve themselves in their stale ; that is, 
when a body ia at rest, by its inertia it remains bo ; 
and when it is in motion, it is likewise by its inertia 
that it continues to move will) the same velocity, 
and in the same direction; and this preservation of 
the same state lasts till aome external cause inter- 
pose to produce change in it. As often aa the state 
of a body changes, we must never look for the cause 
of such change in the body itaelf; it exists always 
out of the body, and thia is the just idea which we 
roust form of a power or force. 

ath yovanber, 17M. 



LETTER LXXV. 
Changes uiAtcA FRoy take place m the Stale of Bodie*. 

Thi fundamental principle of mechanics, with the 
idea of inertia which I have endeavoured to explain, 
enables us to reason on solid ground respecting va- 
riona phenomena presented to ua in nature. Ob 
seeing a body in motion, which should proceed uni- 
formly in a straight line, that is, which should pre- 
serve the same direction, and the same velocity, 
we would say, that the cause of this continuation of 
motion is not to be found out of the body, hut that 
it is founded in its ve^ nature, and that, in virtue 
of its ineriia, it remains alwavs in tlM same state ; 
aa we would say, were the body at rest, that this 
took place in virtue of Its inertia. 

We would likewise bo right in saying that thia 
bod^ undergoes no action from any external cause ; 
or, if any auch existed, that tbeae powcra nafn- 
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Br in such 

_n which it would be if no 
force acted upon it. 

If it is asked, then, Whj the body continnet to 
move in this niHiiner! the answer is obnoos. But 
if it ie aaked. Why this body has begun thm to 
more 1 the question is totally different. It must 
be said, that this motion has been impressed upon it 
by some external Torce, if it waa before at rest ; but 
it would be impOBBible to affirm nny thing with cer> 
tainty respecting the quantity of that force, because, 

Serhaps, no traces of it remain. It is therefore sbon- 
antly ridiculous to aslc. Who impressed motion 
on every body at the beginning of the world < or. 
Who was the prime mover 1 Those who put the 
question admit, then, a be^nning, and consequeatlv 
a creation ; but they imagine that God created aU 
bodies at rest. Now, it may be answered, That he 
who could create bodies could impress motion upon 
them. 1 ask them in my turn. If they believe it to 
be more easy to create a body at rest than in no- 
tion T They both equally require the omnipotence 
ofGod; and thisquestion belonganottotbe province 
of philosophy. 

But when a body has once received motion, it 
preserves that motion by its own nature, or by it* 
inertia, in the same state m which it must constUUlr 
remain, until a force, or some foreign cause, oppoes 
an obstacle to It. As often, then, as we observe that 
> body does not remain in the same state, that a 
body at rest begins to move, or that a body in mo 
tion changes its direction or velocity, we must 
admit that this change has its cause out of the body, 
and that it is occasioned by a foreign force. Thus, 
as a stone left to itself descends, the cause of that 
descent is foreign to the body ; and it is not from its 
own nature that the body descends, but from the ef- 
fect of a foreign cause, to which we give the nam* 
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Gravity, then, is not wi intrinsic property of body ; 
it is rather the effect of a foreign force, the source 
of which must be sought for out of the body.* This 
is geometrically true, though we know not the foreign 
forces which occasion gravity. It is the same when 
wo throw a stone. We see clearly that it does not 
follow in its motion the direction of a straight line, 
«nd that il« velocity does not always continue the 
same. It ia gravity, likewise, which changes the 
direction of the velocity of the body ; hut for it, the 
stone would describe a straight line in the air, and 
proceed forward with the same velocity ; and were 
gravity to be suddenly annihilated during the motion 
of the stone, it would continue to move in a straight 
tine, and would preserve the same direction, and the 
same velocity which it had ai the instant when grav- 
ity ceased to act upon it. 

But as gravity acta continually, and upon all bodies, 
we need not be surprised that we meet with no mo- 
tion in which the direction and the velocity continue 
the same. The case of rest may very well take 
place ; it la when something invincibly opposes the 
fall of a body ; thus, the floor of my apartment pre- 
vents my falling into that helow it. But the bodies 
which appear to us at rest are carried along by the 
motion of the earth, which is neither rectilinear not 
uniform ; it cannot be affirmed, therefore, that diese 
bodies remain in the same state. NeiUier ia there 
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one of the heavenly bodies which moves in a straight 
line, and always with the same velocity ; they are 
contiouaUy changing theirstate: and even the forces 
which produce this continual change are not un- 
known l<i us ; they are the attractive powers which 
the heavenly bodies exercise over one another. 

I have already remarked that these forces may 
very probably be caused by the sQbtile matter which 
surrounds ul the heavenly bodies, and fiUa the 
whole space of the heavens ; but, according to the 
opinion of those who consider attraction as a power 
inherent in matter, this force is always foreign to 
the body on which it acts. Thus, when we say the 
earth is attracted towards the sun, it is acknow- 
ledged that the force which acts upon the earth is 
not resident in the earth itself, but in the sun ; as, in 
fact, if the sun did not eiist there would be no such 

This opinion, however, that attraction is essential 
to all matter, is subject to so many other inconve- 
niences, that it is hardly possible to allow It a place 
in a rational philosophy. It is certainly much safer 
to proceed on the idea, that what is called attrac- 
tion is a power contained In the subtile matter which 
fills the whole space of the heavens; though we 
cannot tell how.f Wo must accustom ourselves to 
acknowledge our ignorance on a variety of other 
important subjects. 

lUh Noeember, 1760. 
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LETTER LXXVI. 

System of the Monads of Wolff, 

Befors 1 attempt to make you sensible of the 
truth of the principle, that all bodies of themselves 
always preserve the same state of rest or motion, I 
must remark, that if we consult experience only on 
tito subject, without thoroughly investigating it by 
the powers of reasoning, we would be disposed to 
draw the directly opposite conclusion, and to main- 
tain, that bodies alwajrs have a propensity to be con- 
tinually changing their state ; as we see nothing in 
the wnole universe but a perpetual change in the 
state of bodies. But we have just shown what are 
the causes which produce these changes, and we 
are assured, that they are not to be found in the 
bodie»> whose state is changed, but out of them. 

The principle, then, which we have established is 
so far from being contradicted by experience, that it 
is, on the contrary, confirmed by it. You will easily 
judge from this, how several great philosophers, 
misled bv an experience not accarately understood, 
have fallen into the error of maintaining Uiat all 
bodies are endowed with powers disposmg them 
continually to change their state. 

It is thus that Wolff has reasoned. He says, 1. 
Experience shows us all bodies perpetually changing 
their state ; 2. Whatever is enable of changing the 
state of bodies is called force ; 3. All bodies, there- 
fore, are endowed with a force capable of changing^ 
their state ; 4. Every body, therefore, is making a 
continual effort to change ; 6. Now, this force be- 
longs to body only so far as it contains matter ; 6. 
It is therefore a property of matter to be continually 
changing its own state ; 7. Matter is a compound of 
t mmUtode of parts, denominated the elements of 



t 







v; 



-OHAOa or ^ 

*'^ ^^ Po«'e7or'T^'««T part ;i^^"'«"^of jl 

^ ;^ '"s \".i' ™~,"„r»'-™v' 

mmmM 




NONAiM OF woirr. 

1 their Btate ; for if we aro 

_, _.._ __m/ef«every ihing that to 

capable of changing the st^te of bodies, the quality 
by which they persevere in their state ia nther the 
(^pOBite of a force. It is therefore by an abuao of 
language thai certain authors give the name of force 
to tne tnertia, which is that quality, and which thejr 
denominate the inert force. 

But, not to wrangle about terms, though this abuse 
may Inid to very gross errors, I return to the sys- 
tem of mtmads ; uid as proposition 4 is false, those 
t^t follow, which are successively founded upon it, 
moat of necessity be eo loo. It is false then, like- 
wise, tiiat theelementBofmatter, or monads, if such 
there be, are 
their state. 

Uie oi^MMite quality, that of perseyeiing ic 
Btate : and thereby the whole system of monads is 
completely subverted. 

"nieBe philosophers attenjpted to reduce the ele- 
ments of matter to the class of imn^f which compre- 
benda spirits and souls, endowed, beyond the power 
of contradiction, with the faculty of changing their 
Btate ; for, while i am writing, my soul continually 
represents other objects to iiself, and these changes 
depend entirely on my will: I am thoroughly oon- 
vinced of R, and not the less so that 1 am master 
of my own thoughts ; whereas the changes which 
take [dace in bodies are the effect of an extraneous 
fbice. 

Add to this, the infinite difference between the 
•tate of body capable only of one velocity and of 
one direction, and the thoughts of spirit, and yon 
will he entirely convinced of the falsehood of the 
■eatiments of the materiaUsts, who pretend that 
spirit is only a modification of matter. These gen- 
twmen have no knowledge of the real aatun of 
bodies. 

IbA Noetmter, 1760. 
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LETTEE LXXVIL 
Origin and Natitrt of Poutrs. 

\t is undoQbtedly very aurprisioK, that if everj 
body has a natural diapositioo to pteserre itself in 
the aame state, and even to oppose all change, all 
the b()dieB in the universe shotud oeverthelflBB be 
continually changing their state. We are well as- 
sured, that this change^can be produced only by a 
force not resident in the body whose state is changed. 
Where, then, must we look for those powers which 
produce the incessaj)! changes that take place in all 
the bodies of the universe ; and which are, neverthe- 
less, foreign to body \ 

Must we then suppose, besides these existing 
bodies, particular beingi which contain those pow- 
ers 1 or, are the powers themselves particular sub- 
stances existing in the woiid \ We know but of two 
kinds of beings in it, the one which comprehends all 
bodies, and the other all intellectual beings, namely, 
the spirits and souls of men, and those of animals. 
Must we establish, tbeo, in the world, besides body 
and spirits, a third species of beings, under the name 
of power or foreel or are they spirits which ince*- 
■antly change the slate of bodies 1 

Both of these labour under too many difficulties 
to be hastily adopted. Though it cannot be denied 
that the sAuls of men and of beasts have the power 
of producinff changes in their bodies, it were, how- 
ever, absurd to m^ntain that the motion of a ball on 
the billiard-table was retarded and destroyed by some 
■jHrit ; or that gravity was produced by a spirit con- 
bnnaliy pr«MiDg bodies downward; and that i)w 
heaTenly bodiei, which, in their motion, change both 
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direction and velocity, were subjected to the nction 
of BpiritB, according to the system of certain an- 
cient pMlosophera, who assigned to each of tlie 
heavenly bodies a spirit, or angel, who directed its 

Now, on reasoning with solidity ren>ecting the 
phenomena of the universe, it rauat be aiunittedthat 
if we except animated bodies, that is, those of men 
and beasts, everychangeof state which befaUs other 
bodies is produced by merely corporeal causes, in 
which spints have no share. The whole question, 
then, is reduced to this, Whether the forces which 
change the state of bodies exist separately, and con- 
stitute a particular species of beings, or whether 
they exist in the bodies ! 

This last opinion appears at ^rst sight very tmac- 
countable ; for if all bodies have the power of pre- 
serving themselves in the same state, how can it b« 
possible they should contain powers that have a 
tendency to change it < Yon wUl not be mirprised to 
hear that the origin of force has, in all ages, been a 
stumbling-block to philosophers. They have all 
considered it as the greatest mystery in natore, and 
as likely to remain for ever impenetrable. I hope, 
however, I shall be able to present you with a aolu - 
tion of this pretended mystery, so clear that all the 
difficulties which have hitherto appeared insur- 
mountable will wholly vanish. 

I aay, then, that however strange it may appear, 
this faculty of bodies, by which they are disposed to 
preserve themselves in the same state, is capable 
of supplj^ng powers which may change that of 
otheYs. I do not say that a body ever changes its 
own state, but that it may become capableof chang- 
ing that of another. In order to enable you to get 
to the bottom of this mystery respecting the origin 
of force, it will be sufficient to consider two bodies, 
as if no others existed. 
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Let the body A, Fig. 33, be at leat, and let the 
bodyBh&ve received a motion in the direction B A, 
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with a certain velocity. This beiag laid down, the 
body A is disposed to continue always at rest: and 
the body B to'continue its motion alon^ the striiight 
line B A, always with the same Telocity, and both 
the one and the other in virtue or its tneriia. The 
body B will at length then come to touch the body A. 
Whiitwill betheconsequaace? AslongasthebodyA 
remiiins at rest, the body B could not continue its 
mutiOQ without passing through the body A, that is, 
without penetrating it ; It is impossible, then, that 
each body should preserve itself m its state, without 
the one's penetrating the other. But this penetra- 
tion is impoHStble ; impenetrabilily being a property 
common to all bodies. 

It being impoBstble, then, that both the one and 
the other should preserve its state, the body A must 
absolutely begin to move, to make way for ihe body 
B, that It may continue its motion; or, that the 
body B, having come close to the bodv A, must have 
its motion destmyed; or, the state of both must be 
changed, as much as is necessary to put them in a 
condition to continue afterward each in his proper 
state, without mutual penetration. 

Either the one body, therefore, or the other, or 
both, must absolutely undergo a change of their 
■tate, and the cause of this change infallibly exists 
in the impenetrability of the bodies themselvesj 



since ererr cause capable of changing the state of 
bodies is denominated font, it is then, of neces. 
sity, Uie impenetrability of the tiodies theniselvea 
which produces the force by which this chaJige is 
efTecteo. 

In fact, as impenetrability implies the impossibiU 
ity that bodies should mutually penetrale, each of 
them opposes itself to all penetration, even in the 
minutest parts ; and to oppose itself to penetration 
is nothing else but to esert the force necessary to 
prexent it. As often, then, as two or more bodies 
cannot preserve themselves in their state without 
mutual penetration, their impenetrability always ex- 
erts the force necessary to change' it, as far as is 
requisite, to prevent the slightest degree of pene- 
tration. 

The impenetrability of bodies, therefore, contains 
the real origin of the farces, which are continual^ 
changing their stale in this world ; and this is the 
true solution of the great mystery which has per- 
plexed philosophers so grievously. 

l%tk NoKtmber, 1760. 



LETTER LXIVin. 



Yon have now made very considerable progress 
in the knowledge of nature, from the explanation of 
the real origin of the powers capable of changing the 
state of bodies ; and you are at present in a con- 
dition to comprehend easily why all those of this 
world are subject to an incessant change of state, 
from rest to motion, or from motion to rest. 

First, we are certain that the world is filled with 
matter: Here below, it ia evident that the space 
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which separates the gross bodies sensiUe to feel- 
ing, is occupied by the dr, and that when we make 
a vacuum in any space the ether instantly suc- 
ceeds, and it liXewise fills the apace in which th« 
heavenly bodies move. All space being thus full, 
it is impossible that a body in motion should con- 
tinue it a single instant without meeting others, 
through which it must pass if they were not impene- 
trable. And as this impenetrability of bodies ex- 
erts always and universally a force which prevents 
all penetration, it is not at all surprising, then, that 
we should observe perpetual changes in the state of 
bodies, though every one has a tendency to preserve 
itself in the same state. 

If they could penetrate each other freely, nothing 
would prevent any one from remainineperseveringly 
in its state ; but being impenetrable, there must 
thence necessarily result force sufficient to prevent 
aU'penetratioD; and no more results than what ia 
precisely needful. 

While they can contimie in the same state, with- 
out any injury to impenetrability, they then exert 
no force, and bodies remain in their state ; it is only 
to prevent penetration that impenetrability becomes 
active, and supplies a force sufficient to oppose it. 
When, therefore, a small force suffices to prevent 
penetration, impenetrability exerts that and no 
more ; but when a great force is necesaary for this 
purpose, impenetrability is ever in a condition to 
su^ly it. 

Thus, though impenetrability supplies these pow- 
ers, it is impossible to say that it is endowed wiUi a 
determinate force; it is rather in a condition to sup- 
ply all kinds of force, great or small, according 10 
circumstances ; it is even an inexhaustible source 
of them. Aa long as bodies are endowed with im- 
penetrability, this is a source which cannot be dried 
up; this force absolutely must be exerted, or bodies 
must mutually penetrate, which is contrary to nature. 
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It oii(^t likeunae to be remarked, that this force 
u never the effect of the impenetrability of a single 
body; it TFBults alvaya from that of all bodies at 
once, for if one of the Iwdies was penetrable, the 
penetratkiD would take place, without any need of a 
powerto effect a change in their state. When, there- 
fore, two bodies cone into contact, and when they 
cannot continue in iheir state without peneti^ling 
each other, the impenetrability of both acts equally; 
and it is by their joint operation that the force neces- 
sary to prevent the penetration is supplied, we then 
say that they act upon each other, and that the force 
resulting from their impenetrability produces this 
effect. This force acts upon both of them ; for aa 
they have a tendency towards mutual penetration, it 
repels both the one and the other, and thus prevents 
their penetration. 

It is certain, then, that bodies may act upon each 
other ; and we speak so freauently of this action, as 
when two billiard bnlla clasK, it is said the one acta 
upon the other, that you must be well acquainted 
with this mode of expression. But it must be care- 
fully remarked, that, in general, bodies do not act 
upon each other, but in so far as tbetr state becomea 
contrary to impenetrability; from whence results a 
force capable of changin;; it, preciseljr so much as is 
necessary to prevent any penetration ; so that a 
small force would not have been sufficient to produce 
this effect. 

It is very true, that a greater force would likewise 

Srevent the penetration; but when the change pro- 
uced in the state of bodies is sufficient to prevent 
mutual penetration, the impenetrability acts no far- 
ther, ana there results from it the least force that 
is capable of preventing the penetration. Since, 
then, the force is the smallest, the effect which it 
produces, that is, ttte change of state which it ope- 
ntes, in order to prevent penetration, will be pro- 
portional; and, consequently! when two or mora 
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bodies come into contact, so that no one conM 
continue in ita state without penetmlin? the othere, 
a mutual action must take place, which is always th« 
smallest that was capable of preventing penetration. 

You will find here, therefore, beyona all expecto* 
tioD, the foundation of the system of the late Mr. 
ie Mauprrtuu, so much cried up by some, and so vio- 
lently attacked by others. His principle is, that of 
the least possible action ; by which he means, that 
in all the changes which hapnen in nature, the cause 
which produces them is the least that can be. 

From the manner in n-liich 1 have endeavoured to 
unfold this principle to you, it is evident that it is 
perfectly foimded in the very nature of body, and 
that those who deny it are much in the wrong, 
though still leas than those who would turn it inUi 
ridicule. You will already, perhaps, have remarked, 
that certain persons, no great friends to Mr. de 
Mauperiuii, take every opportunity of laughing at 
the principle of the least possible action, as well as at 
the hole continued down to the centre of the earth; 
but fortunately, truth suffers nothing by their plea- 

22dNovemier, 1780, 



LETTER LXXIX. 
On the Queitiott, Are there any other Speeiea of Potetrst 

Tbe origin of powers, founded on the impenetra- 
bili^ of bodies, which I have been endeavouring to 
explain; is by no means inconsistent with the opinion 
of those who maintain that the souls of men and 
those of beasts have the power of acting im their 
bodies. 'Hiere is nothing to hinder the existence of 
two kinds of power, which produce ail the changes 
that take place in the world ; the one corporeal, 
which derives its origin from tiie impenetrability «f 

Vol. I.— Z 




bodies ; and the other spiritual, which the souls of 
aaimala exercise over their bodies: but this last 
power operates aalj upon animated bodies ; and the 
Creator has so clearly dietin^ished it from the 
other, that it is not permitted, in philosophy, to con- 
found them. 

But this distinction greatly embarrasses those who 
consider attraction as an inherent quality of bodies ; 
for if they act upon each otheronly to maintain their 
impenetrabihty, attraction cannot be referred to this 
case. Two distant bodies may preserve each its 
state without at all interesting their impenetrability, 
and without there being any reason of consequence 
why the one should act upon the other, even by- 
attracting it. 

Attraction, therefore, ought to be referred lo a 
third species of power, whicn should neither be cor- 
poreal nor spiritual. But it is always contrary to 
the rules of a rational philosophy, to introduce a new 
species of powers before their existence is incontest- 
ably demonstrated. It would have been necessary, 
therefore, for this effect, to have proved beyond 
contradiction that the powers by which bodies mu- 
tually attract could not derive their origin from the 
subtile matter which surrounds them ; nut this im- 
possibility is not yet demonstrated. It would appear, 
' on the contrary, that the Creator has expressly Riled 
the whole space of the heavens with a suotile matter, 
to give birlli to these powers which impel bodies to- 
wards each other, conformably to the law before 
established reiipeciing their impenetrability. 

In fact, the subtile matter mi^ht very well have a 
motion, such as that a body in it should not be able 
to preserve its state without being penetrated by it; 
ana then this force must be deriv^ as well from the 
impenetrability of the subtile matter as from that of 
the body itself. 

Went there a single case in the world in which 
two bodies attracted each other, while the intenntM 
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diat« ipace vraa not filled with a subtile matter, the 
leahiy of attraction might very well be admitted ; 
but as no Buch case exists, we hare consequently 
T4aaon to doubt, nay, even to reject it. We know, 
then, but of two sources of all the powers which 
produce these changes, the impeoetrabili^ of body, 
and the action of spirit. 

The disciples of Wolff reject likewise this law.aud 
maintaiD, that no spirit, or immaterial substance, can 
act upon H body ; and they are very much embar- 
rassed when it is alleged, that, according to them, 
God himself, who is a spirit, could not have the 
powerof acting upon bodies, which savours stronf^ 
of atheism. They are accordingly reduced to this 
feeble reply, that it is by ir^niiy God is able to act 
upon body; but if it be imposaible for a spirit as a 
spirit to act upon a body, this impotence necessarily 
recoils on God himself. And who can deny that 
our soul acta upon our body 1 I am to such a degree 
roaster of my members, that I can put them in action 
ea I please. The same thing may be affirmed like- 
wise of the brute creation ; and as, according to the 
system of Deicartei, at which we have good reason 
to smile, beasts are mere machines, without any 
feeling, like a watch, as the Wolffians would have it, 
jnen too are merely machines. 

These same philosophers, in their speculations, go 
likewise so far as to deny the first species of pow- 
ers, of which they know nothing. For not being 
able to comprehend how one body acts upon another, 
they boldly deny its action ; and maintain that all the 
changes which befall a body are produced by its 
own powers. 

They are the philosophers whom 1 formerly men- 
tioned, as denying the first principle of mechanics, 
respecting the preservation of the same state, which 
is sufficient to subvert their whole system. The 
error into which they have fallen, as I have already 
remarked, arises from their reasoning inconclusively 
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respecting' ihe phenomena which bodies present to 
09. They concluded precipitately, from obeerving 
almoat all bodies continually changing their state, 
that they contained in themselves the powers by 
which they incessantly exert themselves to changtj 
it, whereas they ought to have drawn the directly 
opposite concluBion. 

it is thus that, by considering objects in a super- 
flcis! manner, we hurry into the grossest errors. I 
have already pointed out the defects of this reason- 
ing; but once fallen into error, they have abandoned 
themselves to the most absurd ideas. They first 
ascribed these internal powers to the primary ele> 
ments of matter, which, according to them, are con- 
tiiiual efforts to change their state ; and concluded 
from it, that all the changes lo which every element 
is subjected are producea bv its own power, and that 
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also that bodies could act upon each otlie 

It was in vain to object to them the case of bodies 
which impinge against one another, and the chanao 
of their state which results from it. Obstinat^y 
prepossessed in farour of the sohdity of their rea- 
sonmg, they scorned to abandon it: they chose 
rather to affirm, that every body, from its own na< 
tore, produces the change which befalls-it, and that 
the collision has nothing to do with it; that it is a 
mere illusion which makes us bcheve the collision 
to be the cause of it ; and they go olf in triumph at 
the sublimity of a philosophy so far beyond the 
comprehension of the vulgar. You are now in & 
condition to estimate it according to its leal im* 
portance. 
S&th November, 1760. 
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LETTER LXXX. 

Of the Nature of SpiriU. 

T n:*TTiii myself that ^ou ore now conTinced of 
'the Holidtty of the reasonings on which I have es- 
tabliBhed the knowledge of bodies, and that of the 
powers which change tlie state of them. The whole 
IB founded on experinients the moHt decisive, and on 
principles dictated by reason. They involve no 
^snrdityinor are they contradicted ^ other prin- 
ciples equally certain. It is not long since anysiic- 
cessful progress was made in researches of this 
kind. Such strange ideas were formerly entertained 
respecting the nature of bodies, that all kinds of 
powers were ascribed to them, of which some must 
necessarily destroy the others. 

Certain philosophers have even gone so far as to 
imagine that matter itself might be endowed with 
(he faculty of thought. These gentlemen, known 
by the name of materialists, maintain that our souls, 
and all spirits in general, are material ; or rather, 
they deny the existence of souls and spirits. But 
when once we have got into the right road to the 
knowledge of bodies — the inertia,by virtue of which 
they continue in their state — and impertetrabUity, 
that quality by which they are subjected to power* 
capable of changing it — all those phantoms of pow- 
ers to which I alluded vanish away, and nothing ap- 
pears a more glarin? absurdity than to affirm that 
matter is capable of thought. To think, to judge, 
to reason, to possess mental feeling, to reflect, and 
will, are qualities inconipatible with the nature of 
bodies i and beings invested with them must be of a 
different nature. Such are soula and spirits ; and 
He who possesses those qualities in the highest de- 
gree is God. 
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There is, then, aainlinite difierencs between body 
and spirit. Extf^iision, inrrtta, and impenetrability — 
qualities which exclude all thought — are the proper- 
ties of body ; but spirit is endowed with the faculty 
of thinking, of judging', of reasoning, of feeling, of 
reflecting, of wilhng, or of determining in favour of 
one object preferably to another. There is here 
neither extension, nor inertia, nor impenetrability ; 
these material qualities are inlinitely remote from 

It is asked, What is spirits I acknowledge my 
ignorance in respect of this ; and 1 reply. That we 
cannot tell what it is, as we know nothing of the 
nature of spirit. 

But it is not the less certain that this world con- 
tains two kinds of beings ; beings corporeal or matt- 
riot, and beings immatenai or tpirittiai, which are of 
a nature entirely different, as they manifest them- 
selves to US bv properties wbicli have no relation to 
each other. These two species of beings are, never- 
theless, most intiraatelv united; and upon their union 
principally depend all the wonders of the world, 
which are the delight of intelligent beings, and lead 
them to glorify their CaiiToa. 

It is certain that spirits constitute the principal 
part of the world, and that bodies are introduced 
into it merely to serve them. For this reason it is 
that the souls of animals are in a union so intimate 
with their bodies. Not only do the souls perceive 
all the impressions made upon their bodies ; but they 
have the power of acting upon these bodies, and of 
producing in them corresponding changes ; and thus 
they exercise an active influence over the rest of 
the world. 

This union of the soul with the body undoubt- 
edly is, and ever will be, the greatest mystery of 
the divine Omnipotence — a mystery which we shall 
never be able to unfold. We are perfectly sensible 
that the human soul cannot act immediately on all 
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the parts of the body ; as soon as a certain nerve is 
ciit, I can no longer close my hand: from which it 
may be concluded, that the soul has power only over 
the extremities of the nerves, which all terminate 
and unite inaportionof the brain, the place of which 
the most skilful anatomist is unable exactly to as- 
sign. To this, then, the power of the soul is re- 
stricted. But that of God, being unhmited, extends 
to the whole universe, and exerta itself by means 
which far exceed our comprehension. 
lOth November, 1760. 



LETTER LXXXI. 

Ctf the Union bettceen Ihe StnJ and the Body. 

Aa Spirits and bodies are betnga, or substances, of 
a nature totally different, the world contains, then, 
two kinds of substances, the one apirilual, and the 
other corporeal or maCeriat. The strict union which 
subsists between them merits a very particular at- 
tention. 

This union of soul and body, in every animal, is 
a most wonderful phenomenon. It is reduc ed to two 
things — the one, that the soul feeis, or perceives, all 
the changes which befall its body, by means of the 
senses, which, as you know perfectly well, are five 
in munber, namely, seeing, heariiw, smelling, tasting, 
and touching. By these, then, the soul takes cog- 
nizance of every thing tiiat passes, not only in its 
own body, but out of it. Touching and tastmg rep- 
resent to it those objects only which are in immediate 
contact with the body ; smelling, objects at a small 
distance ; hearing extends to distances much more 
remote ; and sight procures for us the knowledge of 
the moat distant objects. 

All this knowledge is acijuired only in so far as 
file otgects make an imprkiiaion on some one of our 
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Benaes ; bat still this is not sufficient — it is necesGary 
that the organ of such sense should be perrectly 
Bound, and the nerves belonging to it must not be. 
deranged. Vou will recollect, that in order to see, 
the objects ronst be painted distinctly in the bottom 
of the eye, on the retina ; but still thia representation 
is not the object of the Bouii one maybe blind, 
thougti it is perfectly well defined. The retina is a 
contexture of nerves, tho continuation of which 
extends to the brain j and if this continuation is in- 
terrupted by any injury done to this nerve, called the 
Xlic nerve, there will be no sight, however perfect 
e representation on the retina may be. 

It is the same with respect to the other sensea, all 
of which operate by means of nerves destined to 
convey the impression made on the organ employed 
in the sensation, up to its first origin in the brain. 
There is, then, in the brain, a certain place where 
all the nerves terminate ; there the soul resides, and 
there it perceives the impressions made iqxio it by 
meana of the senses. 

Prom these impressions, the soul derives all the 
knowledge it has of things out of itself; thence it 
derives ils first ideaa, and by their combination forms 
judgments, Teflections, reasonings, and every thing 
necessarytoperfect its knowledge; such isThe work 
of the soul, m which the body has no share. But 
the StBt impression cornea to it from the senses, 
through the bodily organs; and the (irst faculty of 
the soul is to perceive, or to fee), what passes in that 
part of the brain in which all the sensitive nerves 
terminate. This faculty is denominated feeling, or 
sensation ; and the soul, nearly passive, does nothing, 
in the first instance, but receive the impressions 
which body presents to it. 

But it possesses in ita turn an active faculty, by 
means of which it has the power of infiuencing its 
body, and of producing motions in it at pleasure ; in 
this consists lis power over the body. Thus I am 
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able to move my hands and my feet by an act of ray 
wiU ; and, What motions are my fingers making as 
I write this letter 1 My soul, however, cannot act 
■ immediately on any one of my fingers : in ordtr to 
put a single one in motion, it is necessary that sev- 
eral muscles should be put inaction; and this action 
again exeits itself by means of nerves terminating 
in the brain^ — if such a nerve be injured, to no pur- 
pose will I wish my finger to move ; it will no longer 
obey the orders of ray soul. Thus the power of my 
soul extends only to a small portion of the brain, 
where all the nerves unite ; sensation is likewise 
restricted to this place of the brain. 

The soul, then, ia united only with these extrem- 
ities of the nerves, on which it has not only the 
power of acting, but by means of which it can view, 
88 in a mirror, every thing that makes an impres- 
sion on the organs of its body. What wonderful 
address, to be able to conclude, from the slight 
changes which take place in the extremity of the 
nerves, that which occasioned them out of the 

A tree, for example, produces on the retina, by 
its rays, an image which is perfectly similar to it; 
but how feeble must the impression be which th« 
nerves receive from it 1 It is this impression, how- 
ever, continued along the nerves up to their origin, 
which excites in the soul the idea of that tree. Af- 
terward, the slightest impressions which ilie soul 
makes on the extremities of the nerves are instantly 
communicated to the muscles, which, put in action, 
'Oblice the member which it wills to move, exactly 
to ooey its orders. 

Machines which receive certain motions by the 
drawing of a string present tiut a coarse mechanism 
compared to our bodies and the bodies of animals- 
The works of the Creator infinitely surpass the pro- 
ductions of human skill, 

2d December, 1700. 
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LETTER LXXXII. 
Differtnl Si/ttems relaUtm lo IUj Svl^eei. 

In order to elucidate the twofold ttnion of bouI 
and bodv, we may compare the soul to a man who 
contemplates, in a dark room, the external objects, 
and from their images derives the knowledge of 
what is passing out of the room. The soul viewing, 
in like manner, if 1 may so express myself, the ex- 
tremities of the nerves which unite in a certain part 
of the brain, perceives all the impressions made 
upon ibe nerves, and arrives at the knowledge of 
the external objects which have made these impres- 
sions on the organs of sense. Though we do not 
know wiierein consists the resemblance of the im- 
pressions made on the extremities of the nerves, 
with the objects themselves which occasioned them, 
they are, however, veiy proper to sufqily the soul 
with a very just idea of them. 

The action by which the soul, operating on the 
extremities of the nerves, can put in motion at 
pleasure the members of the body,may be compared 
to that of a player on puppets, whg, by pulling a 
string, makes them strut about, and move their limbs 
as he pleases. This comparison is, however, very 
imperfect ; for the union of the soul and body is in- 
finitely more intimate. 

The soul is not so indifferent, in respect to feel- 
ing, as the man placed in the dark room ; it is much 
more deeply interested in what is going on. There 
are sensations highly agreeable to it, and others 
very disagreeable, and even painful. What more 
disagreeable than acute pain, though it proceed but 
from a bad tooth 1 This, however, is no more than 
a nerve irritated in a certain manner; and yet it 
excites in the soul pain intolerable. 
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Ip vhatevcr light we consider the strict union of 
toul and bod^, whichoonstitutes the essence of a 
livii^ man, it must ever remain an inexplicable 
mystery ; and in all ages philosophers have taken 
fniidess pains, in the hope of arriving at a satisfac- 
tory solution. Varioufl systema have been devised 
fcr this purpose. 

The lirst ia, that by which a real influence is 
established of body on soul, and of soul on body ; so 
that the body, by means of the senses, supplies the 
soul with its first perceptions of external things; 
and that the soul, by acting immediately on the 
nerves, in their origin, excites in the body the mo- 
tion of its members^ though it is at the same time 
acknowledged that the manner of this mutiial in- 
fluence Is absolutely unknown to us. We must 
undoubtedly have recourse to the omnipotence of 
God, who has given to every soul a power over the 
portion of matter containing the extremities of the 
nerves of the body, so that the power of every soul 
is restricted to a small part of the body, whereas the 
power of God extends to all the bodies of the uni- 
verse. This system seems the most conformable to 
truth, though we are very far from pretending to 
have a particular knowledge of it. 

The other two systems are the invention of phi- 
losophers, who boldly deny the possibility of a real 
influence of spirit upon bodies ; though they are 
under the necessity of allowing it to the Supreme 
Being. According to them, the body cannot supply 
the soul with the tirst ideas of external things, nor 
the soul produce any motion in the body. 

Oue of these two systems was the Invention of 
Dttcarlesi it goes by the name of the lyitem of oc- 
eaiional causts. Accordingto this phlloaopheT, when 
the oi^^s of sense are excited by exterior bodies, 
God immediately impresses on the soul, at the same 
Instant, thi ideas of thpse b<vlii's ; and when the 
•oul wilts that any member of this body should 
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move, BtiU it is God who immediately impreBses on 
ihat member the mption desired ; but all the while 
the soul is in no imnner o( connexion with its body. 
It was, therefore, altogether unnecessaij that the 
body should be a machine of such admirable con- 
struction, as the dullest mass would hare answered 
thepurpose equally well. 

Tnis system, accordingl', , 
credit, when the celebrated Leitniit substituted i 



ofafi' 



conversation. 

According to this syatem of pre-ettabliihed har- 
I, the soul and the body are two substances out 
onnexton, and exercising no manner of influ- 
n each other. The soul ia a spiritual sub- 
stance, which, from its own nature, receives, or as- 
sumes, all its ideas, its thoughts, its perceptions, 
without the body's having the least share in the mat- 
ter; and the body is a machine most ingeniously- 
constructed, like a clock, which produces all its 
motions in succession, without any manner of influ- 
ence on the part of tlie soul. But God, having fore- 
seen from the beginning all the resolutions whichr 
every soul would at every instant form, arrangecf 
the machine of tlic body so that its motions should, 
at every instant, harmonize with ihe resolutions of 
the soiil. Thus, when I at this moment raise my 
hand, L^hmiz says that God, having foreseen my 
soul would will, St this moment, my hand to be 
raised, disposed the macliine of my body in such a 
manner, that in virtue of its proper organization ray 
hand should necessarily rise at the same instant ; 
and, in like maimer, that all the motions of the mem- 
bers of the body are performed in virtue of their 
proper organization, which has been from the begin- 
ning BO disposed as to be at all tiroes in hannony 
with llie determinations Of the souL 
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LETTER LXXXIII. 

EMOimatUm oftht Systtm of prt-eitoHUhtd Harmony. 
An Objection to it. 

Tbiii was a time when the system of pre-eitab- 
liahed harmony had acquired such a high reputation 
over all German;^, that to dare to call it in question 

was to incur the impulalion of ignorance, or oigotry. 
The supporters of this system boasted, that isy 
means otil the omnipotence and omniscience of the 
Supreme Being were set in their clcareai li|;i;ht, and 
Uiat it was impossible for any one who t)e1ieved in 
these exalted perfections of God to entertain a doubt 
of the truth pf this sublime system. 

In fact, say they, we see that poor pitiful mortals 
sre capable of constructing machines so ingeniously 
as to nil the vulgar spectator with astonishmeat : 
how much stronger reaswi, then, have we to admit 
Uiat God, having known from all eternity all that my 
BOul would wish and desire, at every instant, should 
have been able to construct such a machine, which, 
at every instant, should produce motions conform- 
ible to the determinations of my soul ! Now, this 
machine is precisely my body, which is united to my 
soul only by this harmony ; ho that if the organiza- 
tion of my body were deranged to such a decree as 
to be no longer in harmony with my soul, this bodv 
would no more belong to me than the body of a rhi- 
noceros in the heart of Africa: and if, in the caae 
of a derangement of my body, God should adjuat 
that of a rhinoceros so that its motions were in 
such harmony with the determi nations of my soul 
as to raise its paw at the moment 1 willed it, this 
bodv would then be mine, and would belong to my 
soul, as my present body now belongs to it, witkout 

V91.. I.— A X 
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having undergone itself, on that eccoimt, any change 
whatever. 

Mr. Lainttt himself has compared the aoul and 
the body to two cloclts, which conlinuallf indicate 
the same hour. A clown who ehould see this beau- 
tiful harmony of these two clocks would nndoubt- 
edly conclude that they acted upon each other ; but 
he would be under a mistake, for the one pnrforma 
its motions independently of the other. The soul 
and the body are iikewiae two machines totally in- 
dependent, the one being spiritual, the oiher mate- 
rial: hut their operations are always in a harmony 
so complete, that we are induced to believe them to 
belong to each other, and that the one has a real in- 
fluence upon the other, which is, however, a mere 
illusion. 

In order to form a judpnent of this system, 1 re- 
mark, first, That ii cannot be denied to be possible 
for God to create a machine which should be always 
in harmony with the operations of my soul ; but it 
appears to me that my body belongs to me by other 
nghts than such a harmony, however beautiful it 
may be : and I believe you will not be disposed 
hastily to adopt a system which is founded on this 
principle alone, that no spirit can act upon a body; 
and that, reciprocally, a body cannot act upon, or 
supply ideas to, a spirit. This principle is, besides, 
destitute of a]l proof, the chimeras of its partisans 
respecting simple beings having been completely re- 
futed. And if God, who is a spirit, has the power 
of acting upon bodies, it is not absolutely impossible 
that a spint, such as the human soul, should be able 
likewise^to act upon a body. Accordingly, we do 
not [H'etend to say that our soul acts upon all bodies, 
but only upon a small particle of matter, with re- 
spect to which it has received the power of God hiin- 
self, though to exercise it in a manner which we n» 
uttei^ unable to comprehend. 

* 
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Further, the Bystem of pre-establiBhed harmony 
labours under other great difficulties. According to 
it the soul derives all its knowledge from its own 
proper fund, without any contribution on the part of 
the body and the Hnaes. Thus, when I read in the 

Eeette thai the pope is dead, and I come (o the 
Dwledge of the pope's death, the gazette and my 
reading hove nothing to do with the communication 
of this knowledge, as theae circumatancea respect 
only my body and mv senses, which have no man- 
ner of connexion witn my soul. But, conformably 
to this system, my soul deriTes, at the same time, 
from its own proper fund the ideas which it liaa of 
this same pope. It concludes he must absolutely 
be dead, and this knowledge comes to it with the 
reading of the gazette, so that 1 imagine the read- 
ing of the gazette furnished me with this knowledge, 
though I really derived it from the proper fimd of 
my soul. 

But this idea is perfectly absurd. How was it 
possible for me so boldly to assert that the pope 
must necessarily hare died at the moment mentioned 
in the sazette, and that only from the idea which I 
had of the pope's condition and health, though 
perhaps I knew nothing about him, while I am 
tnflnitely better acquainted with my own situation, 
without knowing, however, what shall befall me to- 
morrow. 

In like manner, when you do me the honour to 
read these letters, and derive the knowledge of some 
truth from them, it is your soul which extracts that 



Uiem serves only to maintainthe harmony which the 
Creator meant to establish between the soul and the 
body. It is only a formaUiy altogether superfluous 
with respect to the knowleuge itself. I shall never- 
theless continue to tender you my instructions. 
9th December, 1760. 



LETTER LXXXrV. 
Another <Mjecli«a. 

Tbik ia another objection to be made to the ays- 
tem of pre-established hamiony; namely, that it is 
utterly destructive of human liberty. In fact, if 
the bodies of men are machinea, similar to a watch, 
' all theiractions are a necessary consequence of their 
construction. Thus, when a thief steals my purse, 
the motion made by his hands is an eDect as necee- 
sarj' of the machine of his body, as the motion of 
the hand of my clock, now poiating to nine. You 
will readily comprehend what must be the conclu- 
sion. As it would be unjust, nay ridiculous, to think 
of being angry at the clock, and of chastising it, be. 
cause it pointed to nine, it would be equally so with 
respect to the thief, whom it would i>e absurd to 
punish for having stolen my purse. 

Of this we had a well-known example in the reign 
of his late majesty, when Mr. Wolff taught at HaUa 
the system of the pre-established harmony. The 
king informed himself of this doctrine, which was 
then making a prodigious noise; and one of his 
court hiiving suggested to him that according to Mr. 
Wolffs doctrines soldiers were mere machines, and 
tliat when one deserted it was a necessary conse- 
quence of hia particular structure, and therefore 
ought not to subject him to punishment, as wonld be 
the case were a machine an object of punishment, 
for having performed such and such a motion ; the 
king was so provoked at this representation, that he 
gave orders to banish Wolff from Halle, with certifi- 
cation, that if he was found there at the end of 
twenty-four hours, he should be banged up. The 
philosopher upon this look refuge at Hartnirg, when 
1 conversed with him soon after. 
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maintaiaed that tbe pre-established hannonybyno 
meaiR encroached on human liberty. They admit 
that the exterior actions of men are necessary effects 
of Ihe organization of the body, and that, in this 
respect, they take place as necesBarily as the mo- 
tiODB of a watch : biit that the mental determination 
enjoyed perfect Uberty ; that these may be deserving 
of punishraent, though the corporeal action was 
necessary ; that the criminality of an action consiats 
leas in the act, or motions of the body, than in the 
resolution or intention of the soul, which remains 
entirely free. Let us conceive, say they, the soul 
of a thief, determining, at a certain time, to commit 
a robbery ; God, having foreseen this intention, has 
provided it with a body, organized in such a manner 
as to produce, precisely at the same time, the mo- 
tions requisite for the commission of Ihia robbery: 
the action, say they, is itself the necessary effect 
of the organization of the body, but that the in- 
tention of the thief is a free act of his aoul, which 
IB not, on that account, leas culpable and less pun- 
isbable. 

Notwithstanding this reasoning, the supporters of 
the system of pre-established harmony will always 
find themselves veiy much embarraflsed to maintain 
tbe liberty of the determination of the soul. For, 
according to them, the soul is itself similar to a ma- 
chine, though of a nature totally different from that 
of the body; the representations produced in it are 
occasioned by those which precede, and these asain 
by others anterior to them, and so on, so that they 
follow each other as necessarily as the motions of 
a machine. In fact, aay they, men act always from 
certain motives, foundM on Uie representations of 
the soul, which succeed each other, conformably to 
its state. 

You will recollect thatv according to this system, 
the loul derives no one Idea tnm the boay, not 
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being in any real connexion with it ; bat all from it« 
own propnr fund. Present ideas flow from thOM 
■ which preceded, and are a necessary consequence 
of them ; 80 that the soul is nothing less thin master 
of its own ideas, which senerates its resolutions, and 
which are therefore as little under its power; and 
consequently all its actions are founded od its prea. 
ent state — that on the immediately preceding, and 
so on, are a necessary effect of the first state in 
which it was created, over which it certainly could 
have no power, Mnd of consequence conld not be free. 
In depriving men of their liberty, all their actions 
become necessary, and csn no longer be considereid 
as either right or criminal. 

No one of these philosophers has hitherto been 
able to remove these difficulties ; and their adverss. 
rics have a right lo object to them, that this opinion 
is subversive of all morality, and makes even crime 
which men commit to recoil on Ood himseli; which 
is undoubtedly the grossest impiety. We must not, 
however, load them wilh the imputation of such 
consequences, though they flow very nsttirally front 
tJieir principles. The article of liberty is a stum- 
bling-block m philosophy ; and it is eitremely diffi- 
cult to steer clear of the dangers which press on all 

13th December, 1700. 



LETTER LXXXV. 

Of (Ae JUbarty of SpirUi ; and a Reply U (Vijectioiu 

agamlt LUerly. 

The greatest difficulties on the subject of liberty, 
even those which appear insurmountable, arise fmni 
want of distinguishing with sufficient attention be- 
tween the nature of spirit and that of body. The 
Woldan philosophers even go so far as to put aprita 
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snd the elements of body on the B8me footing, and 
give to both the one and the other the name of 
tTumadi, the nature or which, according to them, con- 
sists in the power of changing then* state; from 
whence result all the changes in bodies, and all Uie 
representations and actions of spirits. 

Since, then, in this aystem, the actual state of 
bodies and of spirits derives ita determination from 
that which immediately preceded, and as the actions 
of spirits are derived, like those of bodies, from 
their preceding state, it is evident that liberty is no 
mure an attribute of spirit than it is of body. As 
to body, it is impossible to conceive the least 
shadow of liberty in it; for liberty always snNioses 
the power of committioR', of admitting, or of sus- 
pending an action, and this is directly opposite to 
all that passes in body. Would it not, then, be 
ridiculous to expect that a watch should point to 
any other hour than what it actually does, and to 
think of punishing it on that account 1 Would it 
not be absurd to fly into a passion at a puppet, be- 
cause, after several other gestures, it had turned its , 
back to us \ 

All the changes which take place in bodies, and 
which are all reducible to their state of rest, or of 
motion, are thanecessary consequence of the powers 
which act upon them ; and their action once ad- 
mitted, no changes in bodies can take place but pre* 
cisely such as do take place : what respects body, 
therefore, is an object of neither praise nor blams. 
However ingeniously a piece of mectaaoism may bo 
conslructed, the commendation which we bestow 
upon it reverts to the artist ; the machine itself has 
no interest in what passes ; the artist, too, is alone 
responsible Tor the defects of a clumsy«Rd awkward 
machine: the machine itself is perfectly innocent. 
While, therefore, the inquiry is restricted to bodies, 
they are clearlv in no respect responsible ; no re- 
ward, no punisnment can pouibly attach to them ; 
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all the changee and motions produced in tbem an 
the neceasary consequences of theif Btnicture. 

Butapiritsare ofa very ditTerent nature, and their 
actions depctidonprtnciples directly opposite. Lib. 
erty, entirely excluded Trom the nature of body, is 
the essentia portion of spirit to such a de^ee that 
without liberty a spirit could not exist ; and this it 
is which renders it responsible for its actions. This 
property is aaessentiai to spirit as extension o' 



body of these qualities, it would be equally impos- 
sible for it to diveat spirits of hberty. A spirit with- 
out liberty would no longer be a spirit, as a body 
without estension would no longer be a body. 

It has in all ages been a subject of eager inquiry 
among philosophers, how God could have permitted 
•in to enter into the world? Had they reflected 
that the souls of men are beings necessarily free 
from their very nature, the coDtroversy would have 
been easily settled. 

The objections commonly made to human liberty 
are these ; a spirit, it is said, or a man, is never de- 
tennined to an action but from motives ; and after 
having carefully weighed the reasons on both aides, 
ho finally decides in favour of that which he deems 
the preferable. Hence they comilude that motives 
determine the actions of men, just as the motion 
of a ball on the billiard-table is determined by the 
stroke impressed upon it, and that the actions of 
men are no more free than the motion of the ball. 
Bnt it must be considered that the motives which 
engage a man to undertake any enterprise refer 
very differently to the soul from what the stroke 
does to the ball. The stroke produces its effisct 
neeeaaarily; but a motive, however powerful, pre- 
vents not the action from being voluntary. 1 had 
very powerful motives to undertake a journey to 
Magdeburg — a regard to my promise— the prospect 
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of enjoying the felicity of paying my n , ._ ._ 
your highness; but I am perfectly seoBible* at the 
same time, that I waa not forced to it ; and that it 
was entirely in ray own power to take that journey, 
or to have remained at Berlin. But a body impelled 
by any power neceaaarily obeys, and it cannot be 
^rraed that it waa at liberty to obey or not aa it 
pleased. 

The motive which determines a spirit to reg;ulate 
its resolves is of a nature whoUr different from a 
catu« ot force acting upon body. Here the ^ect ia 
produced necessarirr, and there the effect remains 
always voluntary, and the soul has power over it. 
On this is founded the imputoMlily of the actions of 
a spirit, which makes it responaible for them, and 
which is the true foundation of right and wrong. 
As soon as we have settled this infinite difference 



LETTER LXXXVI. 
Tht lanu Subject ciMinued. 

The difference which I have just established be- 
tween the mottoes confomably to which spirits act, 
and the eausei or poweri which act on bodies, di»< 
covers to us the true foondation of liberty. 

Imagine a puppet so artfully constructed with . 
wheels and springs as to be able to approach my 
pocket and to pick ont my watch without my per- 
ceiving it. This action, being a necessary conse- 
quence of the orcanization of the machine, could 
not be considered as a robbery ; and I should ren- 
der myself ridiculous if I got into a passion at it, 
and insisted on having the machine hanged. Every 
one would say that the puppet waa innocent, and 



icapable of committing a blameable : 



artist had contrived thia machine on purpose to 
ileal and to enrich himself by such means, however 
moch 1 might admire the ingenuity displayed on the 
mechanism, I ahould reckon myself obliged to brin^^ 
him to justice as a thief. It follows, then, that even 
in this case the crimin^ty reverts upon an intelll- 
geul being, or a spirit,nnd that spirits alone are 
jespoiiBibie for their actions. 

Let every man examine liis own actions, and he 
vill always find that he was not forced into them, 
^oQgh he might be induced by motives. Jf his ac- 
tions are commendable, he is perfectly conscious 
of meriting the praises bestowed upon him. How- 
ever he might be deceived in Iiis other judgments, 
he oannot in this case ; the sentiment of his liberty 
is so intimately connected with that liberty itseu 
that they are inseparable. It is possible to enter- 
tain a doubt where the liberty of another is con- 
cerned, but it is impossible ever to be deceived re- 
specting one's own. A clown, for example, on 
seeing the puppet above described, bight easily 
iroagiDe it to be a real thief, and that it likewise was 
a free agent: in this he would be mistaken; but 
with respect to his own liberty it is impossible for 
him to mistake; as he deems himself free, he is bo 
in fact. 11 might likewise happen that the clown in 
question, undeceived as to ihe puppet, should after- 
ward consider a dexterous thief as a machine, des- 
titute of all sentiment and of liberty : here he would 
fall into the opposite error; but as to his own ac- 
tions he will never be mistaken. 

it would therefore be ridiculous to affirm that it 
might be possible for a watch to imagine that its 
hand tamed freely, and to believe thai it now points 
to nine because it pleases to do so, but could point 
to any other hour if it thought proper: the watch 
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would undoubtedly deceive itself. But the whole 
Bupposttion is manirestly absurd. You must first 
ascribe to the watch sentiment and imagination, and 



1 machine, divested of liberty, which i 
manifest contradiction. 

Another objection, however, i^ started uaiDst 
liberty, founded on the Divine prfjcience. God, it is 
said, foresaw from all eternity every resolution which 
I should form, and every action which 1 should do 
during every instant of my life. If God foresaw 
1 should just now continue to write, that I should 
by-and-by lay down my pen, and rise to take a 
walk, my action would be no Ioniser free, for 1 am 
under the necessity of writing, of laying down the 
pen, and of rising to walk ; and it would be imiras' 
• Bible for me to act otherwise, as it waa impossible 
God should be deceived in what he foresees. 

The reply is obvious. Because God foresaw, 
from all eternity, that I should perform, on such a 
day, such an action, it does not follow that I shall 
perfotm it because God foresaw it. For it Is evi- 
dent that it ought not be alleged, in the cause sup- 
posed, that 1 go on to write, becaxae God foresaw I 
should go on to write ; but, on the contrary, as I 

iudge it proper to go on to write, God foresaw that 
would do so. Thus the prescience of God by no 
means encroaches on my liljerty ; and all my actions 
remain equally at liberty, whether God foresaw 
them or not. 

Some, however, in the view of supporting liberty, 
have gone so far as to deny the Divine prescience ; 
but you will have little difficulty in detecting the 
falsehood of this opinion. Is it so surprlsinff that 
the Supreme Being, who ia acquainted with w my 
"" " ihoidd he b"- "- ' "— -"—' 



propensities, shoiud he able to foresee the effect 
which every motive will produce on my soul, and, 
consequently, all the resolutions which I shall form 



388 LIBBKTV OF SPDllTi. 

in confonnity to these effects, when Binif>Ie mortals, 
Buch as we are, frequently exercise a similar pre- 
science? You can easily imagine to yoursetr a 
man extremely covetous, who has a Tair opportunity 
of making a considerable advanta^. You know 
for certain he will not fail to avail himself of it. 
Your knowledge of this, however, has no influence 
upon the man ; he goes into it with the full deter- 
mination of his own mind, as if you had never spent 
B thought upon him. Now, as God is infinitely 
better acquainted with men, and all th fir dispositions, 
it is not to be doubted that he could have foreseen 
their actions, in all situations. The prescience of 
God, with respect to the free actions of spirits, is 
nevertheless founded on another principle than that 
of tbe changes which mutl take place in the corpo- 
real world, where all is under the power of necessity. 
Thisdistinctionshall bathe subject of my next Letter. 
SOth December, 1700 



LETTER LXXXVTI. 

/n/hMTlM of tke Libtrty af SpiriU vpon Eventa. 

Ir the world contained bodies only, and if the 
changes which take place in it were necessary con- 
sequences of the laws of motion, conformably to 
the powers with which they act upon each ether, 
all events would be necessary, and would depend on 
the first arrangement which the Creator had estab- 
Ushed of tbe bodies of the universe ; so that tbit 
arrangement once estabhshed, it should be impor' 
sible for other events afterward to take place thaa 
those which happen in the actual .order of thiiwi. 
The world would undoubtedly be in this case a 
mere machine, similar to a watcfa, which once 
wound up, afterward produces aU tha motioiw bf 
which we measure time. 
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la igii iB to yoaneU a muaicaJ clock; such a 
dock once regulated, alt the motioos vhich it per- 
forma, and the airs which it playa, are produced in 
virtue of its constructiou, without ^y fresh ^ipli- 
cation of the hand of the master, and in that caso 
we say it is done mechanically. If the artist touches 
it, by changinf the ootch, or the cylinder, which 
regulates the airs, or by winding it up, it is an eX' 
temal action, which, not being founded on the organ- 
tiatioD of the machine, no longer appertains to it. 
And if God, aa Lord of the universe, should change 
immediately any thing in the course of successive 
.evMits, this change would no longer appertain 10 
the machine : it would then be 3 miracle. 

A miracle, conaequeally, is an immediate effect 
of the divine Omnipotence, which could not havo 
taken place had God left the machine of the uni- 
verae timely to take its course. Such would b* 
the atal« of the universe if it contained bodies only; 
io that case it might be said, that all events taK« 

Elace in it from an absolute necessity, each of them 
sing a aeceasary effecl of the structure of the 
universe ; unless it pleased God lo work miracles. 

The same thing woulil happen, on admitting tho 
tmtem of pre-eat^liabed harmony, thou^ it allows 
the existence of «j»ritei for, according to this sys- 
tem, apitita do not act upon bodies, but these per- 
fonn all their motions and actions only in virtue of 
their structure, once established; so that when I 
isiae' my arm, this motion is an effect as necessaty 
of the organization of my body as that of the 
wheels in a watch. My soul in no respect con- 
tributes to it : it Is God who, Irom the beginning, 
anaoged the matter, so that the action of my body 
BMist necessarily result from it, at a certain time, 
aai rsiee the aim at the instant that my uul witled 
It Thug, ny soul has no influence npra my bo^. 
amf Moie than upon those of other men and of aai- 
nws; aadt ooBsoaaenUy, according to tU« (7*X*n^ 
Vm. L— B b 



y , — — "-« »**v»T w wic euuis or men an 

whirK*ft[*' °^ Pipducing motion in t 
Which fheir organization alone woijd a 
duced, the system of the universe is 

as in the preceding case. 

th J!!f ""j':®"^ wUl present events of 
the one, those over which spirits hare 

tV^^'T''''^^^^ "^ corpiS^s^or d* 
hSve^v^'" '^t motion^ phenri 
fif-f- 7 '^'** ' *«se take place as ne( 
toVrplh,^!!*"''' '"^ d'^Pend entirely o^ 
?Jl„/^']t'™*"'* ^'^^ the Universe. ' 

aran^re^t^^i,^^^^^^^^ < 

^e-^Slfe/^^-^^ 
These two kinds of events diitinmn.i. ♦» 
from a mere machine, and rate VtT/Ilw 
more worthy of the aCpSv CreatoJw 
it. The ffoverament of tfiis LSe wTl 
ever inspire us with the most wbU^J^ 
sovereign wisdom and goodnessT"*^ " 
It IS certain, thereibre, that lilwrtv^i. 
solutely essential to spirits, hai a^i Jll 




OF KVBHTG. 291 

Di&jr afterward operate on other bodies, and ttieae 
a^n on others, so that the slightest motion of ray 
body may have a great influence on a multitude of 

Man, however, though master of the first raotion 
of his body wliich occasions these events, is nnt bo 
of the consequences of his actions. These depend 
on BO many circumstances, that the most sagacious 
mind is incapable of foreseeing them : accordingly, 
wo every day see the best concerted projects faihng. 
But it is here that we must acknowledge Che govern- 
ment and providence of God, who, having from all 
eternity foreseen all the counsels, the projects, and 
the voluntary actions of men, arranged tlie corporeal 
wi>r]d in siicli a manner that it brings about, at alt 
times, circumstances which cause those enterprises 
to fail or to succeed, according as his infinite wisdom 
judges to be most fit. God thus remains absolute 
sovereign of all events, notwithstanding the liberty 
of men, all whose actions, though free, are from the 
beginning part of the plan which God intended to 
execute when he created this universe. 

This reflection plunges us into an abyss of wonder 
and adoration at tne infinite perfections of the Crea- 
tor; while we consider that there is nothing so mean 
in itself as not to be, from the beginning of tte world, 
an object worthy of entering into the original plan 
which God proposed to himself. 

33d December, 1760. 
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Cff EeetUt, Nataral, Supernatural^ and Moral. 

Im common life we carefully distinguish events 
produced by corporeail causes from those in which 
men and afiimals co-operate. Those of the former 
description are denominated natural evenlt, or pro- 
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dnced by natural caueB ; mch are the pbeitotnena of 
the bearenly bodies, eclipses, tempests, whirlwlnrfa, 
earthquakes, Ac. These are called oaturd phe- 
Boroena, because it is understood that neiifaer men 
nor animals are active in the production of them. 

If we see a tree torn up by the roots, through Ihe 
violence of the wind, we call it a natural efTet^ ; but 
if it were done by the strength of man, or the pro- 
boscis of an el^hant, no one would call this a 
natural effect. When our plains are deluged by an 
inundation, or destroyed by Ihe hail, we say the 
cause of this calamity was natural : but if the mis- 
chief were done by the invasion or an enemy, we 
would no longer deem the bause of it to be natural. 

If such an evil were to be produced by a miracle, 
or by the immediate power of God, we would say 
the cause of it was supernatural ; but {f the event 
were occasioned by men or animals, we would not, 
in that case, give it the name of either natural or 
supernatural. We would characterize such an everit 
■imply by the name of in;(ion, -which denotes an 
effect thai is neither natural nor supernatural. It 
might with greater propriety be denominated ttuml, 
as It depends on the liberty of an intelligent agent. 

Thus, when Quintus Curtius gives us a detail of 
the actions of Alexander the Great, he communicateB 
to us the knowledge of the events brought about by 
the volnntary determinations of that hero. Such 
an action always supposes t^edom of resolution in 
a apiritud beii^ i a power of determination -which 
depCiidB upon his will, and of which he is master. 
I My, of which he is master; for there is a great 
variety of motions, the production of which, were 
we to determine to will them ever *o much, we 
■hould not, however, be obeyed, because over auch 
movsments we have no power. 

1 am not master even of tJl the motions performed 
In my own body ; that of my heart sod oTniy blood 
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thia letter. Tliere are other motions which partake 
of the nature of both these, such as reapiration, . 
which it is in my power to accelerate or to retard 
to a certain degree, but of which I am by no means 
the absolute master. 

Language is not suffioietitly rich to express, by 
one appropriate term, all these different kinds of 
events. There are some produced by natural causes 
merely, anij which are necessary consequences of 
the arrangement of bodies in the universe ; and as 
these necessarily come to paSs, the knowledge of 
this arrangement enables us to foretel a great number 
of them, such as the situation of the heavenly twdies, 
eclipses, and other phenomena depcndirtg on them, 
for any Riven time whatever. There are other 
events which depend only on the will of free aod 
spiritual beings, as the actions of every man and of 
every animal. It is impossible for us to foresee any 
thing of these, in particular, unless by conjecture 
merely ; and in this *e are frequently very grossly 
mistaken. God alone possesses this knowledge in 
a supreme degree. 

From these two kinds of events there arises m 
third, in which natural cauaes concur with such >s 
are voluntary, and dependent on a being exercising 
its liberty. Of this the billiard-table fumishee an 
example. The strokes impressed on the balls de- 
pend on the will of the players ; but as soon as motion 
U communicated to ttiem, the continuation of that 
motion, and their collision with each other, or with 
the cushion, are necessary consequences of the lawa 
of motion. 

In general, most ofthe events which take place on 
the earth must be referred to this species, as there 
are scarceljt any over which men and animals have 
not some luflttence. The cultivation and prodnce 
of our fields require, in the first instance, the vobm- 
Bb9 
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taiy exertions of men or beasts ; but the sequel is 
an effect of causes purely natural. )t is accordingtf 
of importance to remark, that God acts in a manner 
totally different tcwarda bodies and spirits. God has 
established for bodies laws of rest and mottoii, cod- 
formably to which all changes necetianly take place j 
as bodies are merely passive beings, wnich preserve 
themselves in their state, or necessarily obey im- 
pressions made upon them by others, as 1 fonnerly 
explained; whereasspirits are susceptible of no force 
or constraint, but are governed of God hy precepts 
jpd prohibitions. 

With respect to bodies, the will of God is alwajrs 
perfectly accomplished ; but with respect to spintual 
Beings, such as men, the contraty very afl«n hap- 
pens. When it is said to be the will of God ttjat 
men should love one another, we mean by that ei- 

KBSsion a commandment which men ought to obey ; 
t this is very far from being the case. God does 
not force men to it, for this would be contrary to 
the liberty which is essential to them ; but He en. 
deavours to engage men lo the observance of this 
commandment, by proposing to them motives th« 
most powecTul ; but it always depends on the will 
of man whether he is to obey or not. In this aensa 
we are to understand the will of God, when it refen 
to the free actions of spiritual beings. 
S7tA Deetmbet, 1760. 



LETTER LXXXII. 

©/■(A* QutMtim reneeting the bell World potttUti 
and oflht Ongin of Evil. 

YoD know weU, that it has been made a gnestloii, 
Whether this world be the best possible » ft cannot 
B* doitfited, tiial Uie woftd pernctly corre^poikb to 
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die plan which God proposed to fainnelT when be 
crested it. 

As to bodies and material prodnctions, thetr ar- 
ranffenient and structure aie such, that certsinly they 
coiud not have been better. Please to recollect the 
Wonderfiil atnictnre of the eye, and you will see the 
necessity or edmitting that the conformation of all 
its parts is perfectly adapted to fulfil tlie end inTiew, 
thatofrepresentingdistinctly exterior objects. How 
much addiess is neoesssry to keep up the eye a 
that state, during; the course of a whole life 1 The 
jukes which compose it must be preserved from 
corruption ; it was necessary to make proiiaion that 
they should be constantly renewed and mamtained 
in a suitable state. 

Aatructure equally marvellons is obserrableinBll 
the other parts of our bodies, in thoae of all animals, 
and even of the vilest insects. And the Structure of 
these tsst is no much the more admirable, on account 
of their smallness, that it should perfectly satisfy aH 
the wants which are peculiar to each species. Let 
na examine only the sense of seeing in tneaeinseots, 
by which they distin^sh objects so minute, and ao 
near, aa to escape our eyes, and this examinatJOIl 
alone will flU us with astonishment. 

We discover the same perfection in plants ; every 
thing in them concurs to their formation, to their 
nowth, and to the production of their flowers, ot 
their fruits, or of their seeds. What a prodig7, to 
behold a plant, a tree, spring from a small grain caat 
into the earth, by the help of the nutritious jmces 



ful; every part of nature is citable of eih 
our utmost powers of research, without pwmittinK 
US to penetrate all the wondera of its constroctiML 
Nay, we are utterly lost, while we.redect how evCTy 
flnbetance— earth, water, air, and Am— coBcnrintm 
production of all orpaiwd bodios ; and Anally, how 
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die urangement of all ihe beavenly bodies is so 
sdrairably contriTcd as petfectly to Tullil all these 
particular deatinatioiiB. 

After having reflected in this manner, it will be 
' difficult for you to believe that there should have 
been men who miiintained, that the universe ytaa 
the edect of mere chance, without any design. But 
there always have been, and there still are, persons 
of this description ; those, however, who have a aolid 
knowledee oi nature, and whopi fear of the Justice 
of God does not prevent from Mcknowledj^ing Him, 
are convinced, with us,thatthere is a Supreme Being 
who created the whole universe, and, from the re- 
marks which 1 have just been suggesting to you 
respecting bodies, every thing has been created in 
the bigfaest perfection- 

As to spirits, the wickedness of man seems to be 
an inrringement of this perfection, as it is hut loo 
capable of introducing the greatest evils into the 
world ; and these evils have, at all times, appeared 
incompdtibte with the sovereign eoodness oi God. 
This is the weapon usually employed by infidels 
against religion, and the existence of God. If God, 
say they, was the author of the world, He must also 
be the author of the evil which it contains, and or 
the crimes committed in it. 

This question, respecting the origin of evil — the 
difficulty of explaining how it can consist with the 
sovereign goodness of God, has always greatly per- 

Sleied phflosophers and divines. Some have en- 
eavoured to give a solution, but it has satisfied only 
themselves. Others have gone sofHras to maintain 
that God was, in fact, the author of moral evil, and 
of crimes ; always protesting, at the same time, that 
this opinion ou^t to bring no imputation on the 
goodnnss and holiness of God. Others, finally, con- 
sider this question as a mystery which we cumot 
comprehend ; and' these last, tmdoubtedly, have em- 
braced the preferable sentiment. 
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of the worn, and that wortd awarma with « . . 
aoA calamitiea. These are three tniths which it it 
appsrently difflcvit to recondle ; bat, in my opinion, 
a^at part of the difflculty vaniahes aa soon u wo 
have fanned a just idea of M»nt, and of th« liber^ 
so essential to it that God hlmadf cannot diveat it 
of this qualitj. 

Ood having- created spirits, and the souls of men, 
I remark, ftrat, that spints are bein^ infinitelj mora 
excellent than bodies; and, secondly, that, at the 
moment of creation,- a pirita were allnwd: for tinw 
ia requisite to the formation of evil inclinationa : 
there is, therefore, no difficultv in affinning that God 
^ created spirits. Butit beingtheeweoceofapiritsto 



of the power of sirniin^r has nothing inconsistent 
with divine perfection, because a spirit could not bo 
created destitute of that power. 

God has, besides, done every thing to prevent 
crimes, by prescribing to spirits precepts, the ob- 
aervance of which must always render them good 
and happv.. There is no other method of treating 
spirits, which cannot be subject to any constraint! 
and if some of thtm have abused their liberty, and 
trans|trQ8sed these commandments, they are reapoo- 
rible for it, and worthy of punishment, without anjr 
iiBpeachment of the Deity. 

There remains only one objection more to be con- 
sidered — namely, that it would have been better not 
to create such spirits, as God foresaw they most 
sink into criminality. But this far surpasses hnman 
tindentanding : for we know not whether the plan 
of the worid could subsist withoot them. We uow^ 
on the contrary, by e^Mrience, that the wickedness 
of some men frequently contributes to the correc- 
tion and amendment of others, and thereby coodncta 
them to b^faaeai. This conaidention alom kt 




r the consequence* 
of human wickednesa, every one may real assured, 
that ill couforming to the commandments of God, all 
eventB .which come to pass, however calamitous they 
may appear to him, are always uiider the direction 
of Providence, and finally terminate in his tnie bap- 
piness. 

TTiia providence of God, which extends to every 
individual in particular, thus furnishes the most 
■atiafactory solution of the question respecting the 
permission and the origin flf evil. This likewise is 
the foundation of all religion, the alone " object of 
which is to prt>raote the salvation of maukiod."* 

301k Decanber, 1760. 



Coimenon of the pneeding dmstderationi vnlh Reli- 
gion. Reply to the Objection! of the PkUoiophical 
Syilenu agaitul Prayer. 

BcroBE I proceed farther in my lessons on phi- 
losophy and physics, I think it my duty ^o poiut out 
to you their connexion with religion. 

However extravagant and absurd the senthneiita 
of certain philosophers may be, they are ^ obsti- 
nately prejxtssessed in favour of them, that they 
reject eveir reticioua opinion and doctrine which 
is not conformable lo their system of philosophy. 
From this source are derived most of the «ectB unci 
heresies in rehgion. Several philosophical systems 

• k l> mmlutile Ibu **rtwr wl» n mily R««nlM rb» praiK w 
Hn. " Ooa Dm dons' tierr Ihliu In pnnni erima. Hy (inwinMBt » 

HuliteMDiliiubnn br imr ptaUoHptiln) ceHonlni, liMtoji^idnVafte 
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BTfl TWHy cotttradtctory to Teligion ; bat in that caM 
divine truth ought surely to be prerrrred to the revs- 
ries of men, if the pride of philosophers knew what 
it was to yield. ■ Should sound philosophy sonie- 
times seem in opposition to religion, that opposition 
is more apparent than real ; and we must not sufler 
ourselves to bo dazzled with the speciousness of 
objectioa. 

I begin with considering an otgection which al- 
most all the philosophical systems have started 
against prayer. Religion prescribes this as on 
duty, with an assurance that God wiU hear and an- 
swer our TOwB and prayers, provided ih^ are con- 
formabln to the precepts which he has given us. 
Philosophy, on the other hand, instructs us that all 
events take place in strict conformity to the course 
of nature, established from the be^nning, and that 
OUT prayers can elTect no changu whatever; unless 
we pretend to expect that God should be continually 
working miracles, in compliance with our prayers. 
This objection has the ipreater weight, that religion 
itself teaches the doctrine of God's having estab- 
lished the course of alt events, and thai nothing can 
come to pass but what God foresaw from all eter- 
nity. Is it credible, say the objectors, that God 
should think of altering this settled course, in com- 
pliance with any prayers which men might address 
to him! 

But I remark, first, that when God established the 
course of the universe, and arranged all the events 
which must come to pass in it, he paid attention to 
all the circumstances which should accompany each 
event ; and particularly to the dispositions, to the 
desires, and prayers of every intelligent being; and 
that the arrangement of all events was disposed in 
perfect harmony with all these circumstances. 
When, therefore, a man addresses to God a prarer 
worthy of being heard, it must not be imagined tluit 
•uch a prayer came not to th« knowledge of God till 



tb« mamet/t it wu formed. That nrsrer wu ■!- 
t«adr btaii from all eteniitx i and if tbe Fatlm of 
U erciM deeoiad it worthv of being anawerad, he ar- 
nnnd tbe world exprewly in favour of that pniyer, 
loumt tbe accopiplisLmeDt should be a coosequeace 
of the natural course of erents. It is thua that God 
anawera the prayera of man without working a 
miracle. 

The eatabliahment of the courae of the univene, 
flxed once for all, far from renderiog prayer unneeea- 
eary, rather increases our conlidence, by conveyiiig 
to us this consolatory truth, that all Dur prayers have 
been already, from the beginnine, preaenl«d at Oe 
feet of the throne of tbe Atmighly, and that they 
have been admitted into the plan of the univerae, aa 
motives conformably to which events were to be 
regulated, in aubaerrieacy to the infinite wisdom of 
the Creator. 

Can any one believe tiiat oni condition would ba 
better if God had no knowledge of our prayera be- 
fore we preeenled them, and that He ihould then be 
disposed to change in our favour the order of the 
courae of nature? Hub might well be irreconcila- 
ble to bis wisdom, and inconsistent with his adoraUe 
perfections. Would there not, then, be reason to 
say that the world waa a very imperfect work < that 
God was entirely disposed to be favourite to the 
wishes of men ; but not having Foreseen them, waa 
reduced to the necessity of eveir instant interrupt- 
ing tbe courae of nature, unkss He were determioad 
tt^lly to disregard the wanta of intelligent beings, 
which, nevertbelew, constitute die principal part of 
the univerae ! For to what pmpoae create this ma- 
tend wwM, replenished with so many great won- 
ders, if there were no inteUigent beings, capable of 
admiring it, and of being elevated by it to the adora- 
tkni of God, and to the most intimate onion witk 
their <^ealor, ia which, undoubtedly, tkait ^ijtiaM 
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H«Bce, it mnBt sbsoloWly be concluded, thmt In. 
telligent beings and their ealvntion must have beea 
the principal object, in suhordination to which God 
reguUted the ammgemont of this world ; and ws 
have every reason to rest assured Ihat all the events 
which take place in it are in the most deligfathd 
harmonT iritn the wnnts of all intelbpnt beinn, 
to conduct them to their true happiness i bat wiUt- 
out constrsinl, because of their liberty, which is aa 
essential to spirits as extension is to bodv. There 
is therefore no grouml for surprise that there 
should be intelliBent beings which shall never reach 
felicitv. 

In tnis conneiioD of qnrits with events connsls 
the Divine Providence, of which every individual 
haa the consolation of being a partaker ; so that 
every man may fest assured that, from all eternity, 
he entered into the plan of the universe. How 
onsht this consideration to increase our confidence 
and our Joy in the providence of God, on which all 
religion is founded! You see, then, that on this 
side religion and philosophy are by no means at 
variance. 

M January, 1761. 
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7%* Liitrhf of Inttttigtiit BeingM tn Harmony mth A 
DeclrineM ofiht Chritlitm Rdigioii. 



IS He caraot divest abodvof its extension, or of its 
Mtrlio, without entirely aestroying or annihilating 
It: to divest a spirit of liberty, therefore, would bs 



i thing as to annihilate it This must bs 

WMkirstood of Uie spirit or soul itself, and dm ai ths 
■etkns of the body which the soul diiscts in ea». 
V<ft.I.— Cc 




lOS LI1ER1T or 

fonnity to ita will. If yon would prevent me ftnm 
initiUK, you haTs but lo hind my hands — to write ia 
undoubtedly an exercise of liberty ; but then, thoi^h 
you may aay that yon have deprived me of the libertj 
of writinftp you lia^* only deprived my body of the 
faculty of obeying the dictaten of mv bdiu. Binri 
me ever so hard, you cannot extinguisn in my sfMrit 
an inclination to write ; all yoii oan do is to preveat 
the nzecutibn of it. 

We must always carefully distinguish between 
inclination, or the act or willing, and execution, 
which is performed by the ministration of the body. 
The act of willing cannot be restrained by an ex- 
terior power, not even by that of God ; for liberty 
is independent of all extet'ior force. But there are 
means of acting on spirits, by motives which have a 
tendency, not to constrain, but to persuade. Let a 
man be flrroly determined to engnge in any enter- 
prise, and let us suppose the execution of it pre- 
vented ; without making any change in his inten- 
tion, or yfiU, it might be possible to sugeest motives 
which should engage him to abandon his purpose, 
without employing any manner of constraint : how- 
ever powerful these motives may be, he is always 
master of his own will ; it never osn be said that he 
was forced or constrained to it, at least the expres- 
sion would be improper; for the proper term ia/Mr- 
tuadt, which is so suitable to the nature and the 
liberty of intelligent beinss, that it cannot be applied 
to any other. It would be very ridiculous, fur ex- 
ample, in playing at billiards, to say that I peraoaded 
the ball to run into the haiard. 

This sentiment respecting the liberty of sfHrits 
appears, however, to some ptrsone contrary to the 
goodness or the power of the Supreme Being. Lib- 
erty, from its very nature, can submit to no degree 
ofconstraint, evenon thepart ofGod. But without 
exercising any constraint over epirita, God Imu as 
inOnite varied of means of presenting them with 
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penuuive motireB ; and I believe that all possible 
cases are ailapted by Proridence to our conditioii, 
in such a miuiner that the most abandoned wretches 
might derife Trom them the most powerful motives 



for a neasoD, but would uat become better. _. . 
thus that God co-operates In out conversion, by fur* 
nisbing us with motives the most efficacious, aiid br 
the circumstiincea and opportumtiea which His provi- 
dence supplies. 

If, for example, a man who hears an awatenine 
jsermon is affected by it, repents, and is converted, 
the act of his soul is evidently his own work ; but 
^le occasion of the sermon, which he was so happy 
as to heat precisely at the time when he was dis- 
posed to profit by it, was nothing less than His work ; 
the Divine Providence overruled that circumstance, 
■o salutary to, him. In fact, without the oppor- 
tunity, over which the man had no power, he would 
have persisted in a sinful course. 

Hence you will easily comprehend the meaning 
of such expressions as these : " Man can do nothing 
of himseln all depends on divine grace ; it is God 
thal.workelh to will and to do." The favourable 
circumstances which Providence supplies to men 
are sufficient 10 elucidate these expressions, without 
having recourse to a secret force, which -acts by con* 
straint on human liberty ; as these circumstances 
are directed of God, in conformity to the most con- 
summate wisdooi, in the view oi conducting every 
intelligent being to happiness and salvation, unless 
he wilfully rejects the means by which he might 
have attained true felicity.* 

"■' ' ', 1761. 




SueidaHoH ntpeelittg llu Nature of SpiriU. 

Is order niot« cleBrl^ to elucidate what I hire 
jnat said respectiiiK the difference between body aitd 
spirit— for it is impossible to bo too attentiTO to what 
coDstitutea that difference, u it extenda so far, that 
•pirit has nothing iit common with bod;;, nor bodr 
with spirit— I think it necessary to rabjoin tlie ftj. 
lowing reflectiona : 

Eztenairm, inertia, and impettetrability an tba 
properties of body: spirit is without exteinioa, 
without inertia, without impenetrability. All phi- 
loBophers are agreed that extension cannot have 

Sace in respect of spirit. It is a self-evident truth, 
r every thing extended is diTisihle, and. yon can 
form the idea of its parts ; but a spirit is susceptible 
of no division; you can have no conception of iii 
half, or of its third part. Bvejy spirit is a completa 
being, to the exclusion of all parts ; it cannot tbea 
be UHrmed that a spirit has length, breadth, ov 
thickness. In a word, all that we concetve'of ex- 
tension must be excluded from the idea of a ^rit. 

It would appear, therefore, that as spirits have no 
magnitude, they must resemble geometrical pointa, 
the definition of which is, that they have neither 
length, breadth, nor depth. Would it be a very 
accurate ides to represent to ourselves a sphit by t 
mathematical point ! The scholastic philoeophera 
have |m>ressed this opinion, and considered spirits 
u bemgB inJinitely small, almilar to the most eufatUe 
particles of dust, but endowed with an tnconceiv^ile 
activity and agility, bj; which they are enaUed to 
bvnsport themselves in an instant to the greatest 
dietmcee. Tbey nnintained, that in virtue of tbja 
extreme minotenen, miUions of epiiits mi(tat ha 
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ancloaed in the smalleat space ; they even made it w 
(jaoBtioo, How many spirits could dance on the point 
of a needle t 

Th« disciples of Wolff are nearly of the same opin- 
ion. According to them, all boaies are composed 
of particles extremely minute, divested of all raagni- 
tude— and they give them the name of monads. A 
■nonad, then, is a substance destitute of all exten- 
sion; aiid on dividing a body till you come to par- 
ticles BO minute aa to be susceptible of no farther 
division, you have got to the Wolffian monad, which 
diSeis, therefore, from tbe most subtile particle of 
dust only in this, (hat the minutest panicles of dust 
are not perhaps sufficiently small, and that a farther 
division is still necessary to obtain real monads. 

Now, according to Mr. Wolff, not only all bodies 
are composed of monads, but every spirit is merely 
a monad; and the Supreme Being, I tremblo as 1 
write it, is likewise a monad. This does not convey 
m very ma^licent idea of God, of spirits, and of 
the souls of men. I cannot conceive that my soul 
is nothing more than a being similar to the last 
particles of a body, or that it is reduced almost to a 
point . It appears to me still less CHpable uf being 
maintained, that several souls joined tof^ether might 
form a body, a slip of paper, for example, to light a 
jHpe of tobacco. But the 8U[^rters of this opinion 
go upon this ground, that as a spirit has no ma^l- 
tude, it must, of necessity, resemble a geometncal 
point. Let us examine the solidity oi their rea- 

I remiu'k,first, that asaspirit isabein^of anature 
totally different from that of body, it is absurd to 
apply to it standards, which suppose magnitude, and 
that, consequentlv, it would be folly to ask how 
many feet or Incnes lon^ a spirit is, or how many 
pouDds or ounces it weighs. These questions are 
■ipplicsble only to things which have length or 
wflifht, and an as absurd as if, apeaking of time, it 
CcS 
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vete to be asked, how many Toet long an hour if 
*t weighed. I can alwi 
n hour is not equal to a line 
oiahundred feet, or of ten feet, or of one foot, or anv 
other standard of meaeure ; but it by .00 means foU 
lows that an hour must be a (reomelricat point An 
hour is of a nature entirely diflerent, and it is impos- 
riUe to apply to it any standard which lupposeB a 
length which may be expressed by feel ot inches. 

The same thing holds good aa to spirit. 1 can 
always boldly affinn, that a spirit is not ten feet, turn 
a hundred feet, nor any-other number of feet ; but it 
does not hence follow, that a spirit is a point, any 
more than that an hour must be one, because it cannot 
be measured by feet or inches. A spirit, then, is not - 
■ monad, or in any respect similar to the ultimate 
particles into which bodies may be divided ; and yon 
are perfectly able to comprehend, that a spirit may 
have no extension, without being, on that account, a 
point or a monad. We must therefore separate erery 
idea of extension from that of spirit. 

To ask, In what place does a spirit reside f wonid 
be, for the same reason, likewise an absurd question, 
for to connect spirit with place is to ascribe exten- 
sion to it. No more can 1 say in what place an Aoar 
isi though assuredly an hour is something; somft- 
thing, therefore, may exist without being attached 
to a certain place. 1 can, in like manner, affinn tfatt 
my soul does not reside in my head, nor out of my 
bead, nor in any particular place, without its being 
deduced as a consequence that my soul haa therefore 
no existence ; just as it may be with truth affirmed 
of the hour now passing, that it exists neither in my 
bead nor out of my head. A spirit exists, then, 
though not in a certaui place ; hut if our reflection 
tnmaon the power which a spirit has of acting npoQ 
a body, the aclion is most undoiAtedly performed in 
a certain place. 

Hy Mul, then, does not ezia! in a partionkr pltnr. 
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bat It icta there ; and as God possesses the power 
of acting upon all bodies, it ia in this respect we say 
He is ereiywhere, though his existence is attached 
to tto place. 



LETTER XCUI. 

ITm Subject continued. SrjUctumt en the State of 
SouU after DeatK. 

Yoo will probably be suqirised at the sentiment 
which 1 hare jnst now ventured to advance, that 
spirits, in virtue of their nature, are in no place. Ia 
thus BfflmiinK,! shall perhaps be in danger of pastinf 
for a man who denies the existence of spints, and 
consequently that of God. But I have already de- 
nionitraled, thnt something may exist, and have a 
reality, without being attached to any one plcic& 
The example drawn from an hour, though feeble, re- 
mores the greatest difficulties, though there is an 
infinite difference between an hour and a spirit. 

The idea which 1 form of spirits Eppears to me 
bicominrably more noble than that of those who 
consider them as geometrical points, and who re- 
duce God himself to this class. What can be more 
■hochinii than to confound r11 spirits, and the Ku- 
preme Being among the rest, with the minutest par^ 
ticles into which a body is divisible, and to rank 
Mwm in the same class with these particles, which 
it is not in the power of the learned term monad to 
ennoble 1 

To be in a certain place is an attribute bel6ngin{ 
only to corporeal things : and as spirits are of a to- 
falfy different nature, ii is not a matter of surprise to 
■ay, that they are not to be found in any place ; and 
1 am mider no apprehension of reproach ror the elo- 
ddlikHW which! utre tobmitted to yoo on this nb- 
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ject . Il is thuB I exalt the natare of sinrita infinitely 
aboYB that of bodicB. 

Every spirit is a bein^ that thinks, reflects, rca- 
sons, deliberates, acts freely, and, in one word, that 
lives : whereas body has no other quaUties bat that 
of beins extended, susceptible of motion, and im- 
penetnwle; from whence results this universal 
quality, Uist eveiy body reimuna in the same state 
as lohg BS there is no neceasity of mutual penetra- 
tion, or of their undergoing some change; and in 
case of the necessity of their penetrating each other, 
if they continued to remain in tbeir state, their im- 
penetrsbilit; itself suppUes the powers requisite to 
change then state, as far as it is necessary to pre. 
Tent all penetretioo. 

In this consist all the changes which take place in 
bodies : all is passive, and necessarily befalls them 
ID conformity to the laws of motion. There ia, in 
body, neither intelligence, nor will, nor UberW: 
these are thesupereminentquahties of spirits, white 
bodies are not even susceptible of them. 

It is spirit likewise which produces in the cot^ 
poreal world the principal events, the illustrious ac- 
tions of intelligent beings, which are all the effect 
of the influence which the souls of men exercise 
upon their bodies. This power, which every soul 
has over its body, cannot hut be considered as a ^fl 
of God, who has eHtablisbed this wonderful umon 
between soul and body. And as I And my soul in 
such a onion with a certain particle of my body, 
concealed in the brain, it may be said that the seat 
of my soul is in that spot, though, property speak- 
ing, my soul resides nowhere, and is referable to 
that place of my body only in virtue of its action 
and of its power. 

It is ateo the influence of the soul upon the body 
which constitutes its life, which continues as loof 
ts this nnison subsists, or as the organization of Um 
body renuins entiie, Death, then, is nothing eto* 
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in DO [dace, all places tnual be indifTerent to it ; and, 
coDMquentl J, ii it should please God, after my death, 
to extablish a new union between my sOul and aa 
organized body in the moon, I should instantly be 
in the moon, without the trouble of a long jouniey. 
And if, even now, God were to giatA to my soul a 

Kwer over an organized body in the moon, I should 
equally here and in the moon ; and this involves 
DO manner of contradiction. It is body only which 
cannqt be in two places at once; bnt there is 
wilhin^ to peveot spirit, which has no relation to 
puce, m virtue of its nature, to act at the same tiioe 
on several bodies, situated in places very remoto 
froju'eaoli other; and in this respect it might be 
■■id, with truth, that it waa in all these places at 
ODce. 

This HipplieB us with a clear ducidation of th« 
omnipreMnce ot Ood : it is, that his power evtenda 
to the whole universe, ind to all the bodies which it 
contain*. It appears to me, of consequence, an im- 
proper expression, to say that God exists every- 
where, as the existence of a ^lirit has no relation 
to place. It is more consonant with propriety to 
■ay, God is everywhere present. 

Let us now compare this idea with that of tim 
Wolffians.who, representing Deity under the ideior 
a poiat, attach Him to one fixed place, as, in fact, K 
point cannot be in several places «t once ; and how 
IS it possible to reconcile the Dtvioe omnipotence 
with the idea of a point < 

Death being a dissfdution of the union Bubaiatinc 
between the so\il and body during Kfe^ we are en- 
abled to form some ides of the slate of theaool after 
detith. Asthe soul,duringlife,derivesaUitak]iow- 
ledge through the medium of the senses, beinf i»- 
prived by death of the information commonicated 
UvoiiKb the seiuMi it no longer knows what k 
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paming in the material world ; this state might,' in ' 
■ome respects, be compared to that of a man who 
should sU at once become blind, dear, dumb, and 
deprived of the use of all the other senses. Such a 
nun would retain the knowledge which he bud ac- 
quired through the medium of sense, and might con- 
tiniie to reflect on ideas previously formed ; his own 
actions especially might supply an aoiple store; 
and, finally, the faculty of ivaamung might remain 
entire, fa the body in no respect whatever cootributes 
to its exercise. , 

Sleep likewise furnishes us with something like 
an example of this state, as the union between soul 
and body is then in a great measure interrupted ; 
though tne soul, even in sleep, ceases not froTH ex- 
erting its activity, bein^ employed in the production 
of what we call arearos. These dresms are usually 
very ^uch disturbed, by the remnins of the influ- 
enoe which the senses still exercise over the soul ; 
and we know by experience, that the mora this in- 
fluence is suspended, which is the case in very pro- 
found sleep, the more regular nnd connected like- 
wise OUT areams are. Thus, after death, we will 
find ourselves in a more perfect state of dreaming, 
which nothing shall be able to discompose ; it shdl 
consist of representations and reasonings perfedlv 
well kept up. And this, in my opinion, is iieariy all 
we cat) say of it, at least with any app<»rance of 

' ISlh Jaituary, 1761; 



LETTER XCIV. 

Caiuideratioiu on the Action of the Soul upon the Boiy, 
md of the Body vpoh t/ie Sotil. 

Ab the Mul is the principal put of our being, it 
is of Jii^ importance tfaorou^y to inveBti|pt« ita 
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(^MntiOM. Yau will please to recollect, that the 
union between the soul and the body coataine a two- 
fold influence ; by the one, the' soul perceives and 
feels all that pastes in a certain part of the brain; 
and by the other, it has the power o[ acting on that 
same portion of the brain, and of producing certain 
■notions in it. 

Anatomists have taken infinite pains to discover 
this part of the brain, which is juBtly called the seat 
of the soul ; not that the soul actuaUy resides there, 
for il is not confined to any place, liut because the 
power of acting is attached to thai spot. It may be 
Said, that the soul is present there ; but not that it 
exists there, or that its existence is limited to it 
This pan of the brain is undoubtedly that in which 
all the nerves terminate ; now, anatomists tell o» 
that this terminatioQ is in a certain portion of the 
brain, whiqh they term the caiiout body. This, 
therefore, we may consider as the seat of the soul ; 
and the Creator has bestowed upon every soul such 
a power over this callous membrane of his body, that 
it not only perceives all that passes there, bat is like- 
wise able to produce a reciprocal impression. Here, 
then, we observe a twofold action: the one, by 
which the body acts upon the soul— and the other, 
by whicb the soul acts upon the body ; but these 
actions ore infinitely dilferent from those whidi 
bodies exercise upon other bodies. 

The soul, from its union with the corpiu caUotum, 
finds itself intimately connected with the whole bodv, 
by means of the nerves, which we thence universally 
diffused. Now, the nerves are fibres so wonderfully 
constructed, and to all appearance filled with a fluid 
•o subtile, that the slightest cbanve which they un- 



of the soul is. And, reciprocally, the slightest ii 
prMsion made by the soul on the extremities of the 
iianei in the ootfiu MSonm, is inunediately traiw- 
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mHted throogh Ae whole extent of evciy nenvi 
and it u Uuu that the muscleB and nKunbera of oar 
bodies sre put in niolian, and obey the commandia 
of tlwaoui. 

This Konderital structure of the body {4ac«s it in 
■ very close connexion with «11 «xtenor objects, 
whether near or remote, which may act upon it, 
either trr immediate contact, ai in feeliag uid tast- 
ing, or t^ their exhalstions, as in smeUing. Bodie* 
at a great distance act on the sense of hearing %ben 
the^ make a noise, and exert in the sir vitmtibM 
which strike our ears ; they act likewise upon the 
sight, when Uiey are illumined, and transmit into 
our eyes the rayaof light, which cansist,.in liks 
■mnner, ia a certain vibration caused in Uiat me* 
dinm much more subtile than ihe air, which we call 
lAer. It is thus that bodies, both near and remote, 
may act upon the nerves of our body, and produce 
cniain impressions in the cor;nucaUanan,from which 
the Boul derives its perceptions. 

Prom every Uiing, therefore, which makes an im- 
preaaion on our nerves, there results a certain change 
In the braiB, of which the soul has a perception, and 
tbet^iy acquires the idea of tbe object wbtch caused 
it We bave here, then, two things to be exaoi' 
iaed: the one is corporeal, or materiai, which is the 
impreasion, or the change produced in the eorjmt 
caUottan of the brain ; the other eptrilual, oameljr, 
the perception, or the information, which the soul 
derives from it. It is, if 1 ma; bo express myself, 
from the conlem^dation of what passes in the tarjmt 
ttllonan, that all our knowledge ia derived. 

You must permit me to enter into a more pv 
ticalar detail on this important article. Let ns, firat, 
consider one single sense, say that of smelUag, 
which, being the lent complicated, seems the moat 
moper to assist us in otir researcbea Suppose all 
the other senses aiiQibilalod, and that a roae was 
«l|diMl to tka MM;tt»«ah«latigB would bIwm 
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■KiU a certain ifitation In the nerree of tbe noMj 
which thence transmitted to the corpus caUatmn, win 
occaMon there hkewise some chan^ ; and in thii 
consists the material circumatance which is the sub- 



J set of our invetiti^tion. This slight cbange, pro- 
uced in the corma calloMunt, is then perceived by 
the soul, and.it thence acquires the iden of the HroeU 
of 3 mse ; and this is the ipiriluai operation which 
tAkes place : but we cannot explain in wiial manner 
tbia ia done, as it depends on the incomprehensible 
nuon which the Creator has established between th« 
body and the soul. 

It ia certain, however, that upon this ehanse in 
the coTvut eallotiim, there is excited in the smu tba 
idea or the smell or a rose, or the contemidation of 
this change furnishes to the soul a certain idea, that 
of the smell of a rose, but nothing more ; for as the 
other senses arc suspended, the soul can form no 
judirment of the natun.- of the object itself which 
sUKi^ested this idea— the idea of the smell of a rose 
alone waa excited in the soul. Hence we compre- 
hend that the soul does not form this idea of itselfj 
for it would have remained unknown but for the 
presence of a rose. But further, the soul is not in- 
different with respect to it : the perception of this 
idea is w^eable ; the soul itself is somehow inter- 
ested in it. Accordingly, we say that the soul feels 
the odour of the rose ; aiid this perception we call 

II IB the same with alt the other senses; every 
object by which they are struck excites in the eorjHu 
cOltotum a certain change, which the soul observes 
with a sensntlon urree^le or disagreeable, and from 
which it derives the idea of the object which caused 
it This idea is accompanied with a Mensation so 
much the stronger and more intense, as the impres- 
sion made on the eorpiu calloitan is more lively. It 
is thus that the soul, by contemplating the changes 
produced in the eorwus csUmimi of tbe brain, acquires 

Vol. I.— D d 
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ideas, mm) is allected hj them ; ml this ii what wa 
nudetsUnd by the tenn tmtation.* 
nth Jmuory, 1761. 



LETTER XCV. 
Of the FaenltieM of Ikt Soul, and of Jvdgmmt, 

Had we no other sense hot th&t of amelling, onr 
knowledge would be very limited ; we should then 
have no other sensation than that of odours, tha 
diveTBity of which, were it erer so gna.t, could not 
Tory much interest our soul; being Teetrioted to 
this, that agreeable smells would procure some de- 
gree of pleasure, and such as are oisagraeable would 
excite some disgust. 

But this very circumstance carries us forward to 
a most important inquiry: CVhence is it that one 
s)nell is agreeable, and another disguatlngt 11 can- 
not be a matter of doubt, that agreeable smells ex- 
cite in the corpus caUonan a diSerent agitation from 
that which is oroduced by the disagreeable ; but 
how comes it, ttiat one agitation in the corpwM callo- 
tarn can give pleasure to the soul, while another is 
offensive, and even frequently becomes insupport- 
able ! The cause of this diffei^nce resides no longer 
in body and matt«r ; we must look for it in the na^ 
ture of the eoul itself, which enjoys a certain plea- 
sure in feeling certain agitations, while others ex- 
cite uneasineiB ; and the real cause of this effect w« 
do not know. 

Hence we comprehend that the soul does mora 
than simply perceive what paMes in the brain, or 
cprpiu caliotum ; it subjoins to sensation a judgment 
reapecting what it finds agreeable or diagUBting, and 
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. conaeqaently exeraUe*, beBidea the taaHty of per- 
ceiving, another and a different faculty, thatof judg- 
ing ; ujd this judgment is wholly different from the 
•im^e idea of a smell. 

The aame consideration, of the tense of fimeQiiw 
only, discoTers to us still other acta of the aouT 
When the gmells are changed, when you amily to 
the nose a carnation after a rose, the soul has not 
only a perception of both BmeUs, but likewise re- 
marks a difference between them. Hence we con- 
clude, that the soul still retains the preceding idea 
to compare it with that which follows ; in this con- 
sists reminitcenet, or memory, by which we have tlw 
power of recalling ideas, antecedent and past. Now 
the real source of memory is entirely concealed from 
n*. We know well that the body has much to do 
in iti for experience asaures us, that disease, and 
various accidents which befall the body, weaken end 
frequently destroy the memory : it is equall v certain, 
at the same time, that the recollection of ideas is 
the proper work of the soul. A recollected idea is 
essentially different from an idea excited by an ob- 
ject. I have a perfect recollection of the sun which 
t saw to-day ; but this idea greatly differs from that 
which I had while 1 was looking at the son. 

Some authors pretend, that when we recall an 
idea, there happens in the brain an antation similar 
to that which first produced it; but if this were the 
case, I sbould actually see the suni it waW no 
longer be a recollected idea. They admit, indeed, 
that the agitation which accompanies the recalled 
Idea is much weaker than that from which the drigi* 
nal idea proceeded : but still I am ayt satisBed with 
Ihii; for it would thence follow, that when I recall 
the idea of the sun, it would be much the same m 
-when I see the moon, the light of which, you wiB 
[deaae to remember, is about 900,000 times weaker 
than that of the son. Bat actnaUy to look at tlM 
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moon, and simply to recollect the bud, are two thing* 
absolutely different. 

We may say with truth, thnt the recoU<icted ideas 
nre the same with the actual, ideae ; but this identity 
respects only the soul ; with regard to the body, the 
acluxl idea is accompanied A'ilh a certain .ngitatioD 
IB the brain, whereas the recollecied one is destitute 



in my aoul, is a sensation ; but it can with no pro- 
priety be said that a recollected idea is a sonsalioD. 
To recollect and to feel always remain two Ibings 
abiolutely different. 

When, therefore, the soul corapans two different 
smells, when it has the idea of the one from the preft- 
ence of an object acting on the sense of smelling, 
and that of the other from recollection, it has in fact 
two ideaa at once, the actual idea and the recol- 
lected idea ; and in pronoimcing whether of the two 
is more or less agreeable or disagreeable, it eierta a 
particular fHcultv. distinct from that by which it only 
contemplates what is presented to it. 

But the soul performs still other operations, when 
K snccession of several different smells is presented 
to it ; for while ir is struck with each of these in its 
turn, the preceding are recollected, and a notion is 
thereby acquired of past and present, and even of 
future, when new sensations are proposed, simiiar to 
those of which it has already had experience. It 
thence likewise derives the idea of miccession, in as 
much as it undergoes several impressions succes- 
sively; and hence results the idea of duration, and 
of Hme. FinaUy, on remarking the diversity of sen- 
sations which succeed each other, it be^ns to reckott 
tmt, tws, threr, Ac., though this sbouM not go far- 
IImt, from want of signs or names wherewith to 
mark numbers. For supposing a man has Just fao- 
|iui to exist, and who has hitherto experienced no 
' ' IS but those of which I have been speakingt 
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tu firora Tiaving created a langua^ for hiroseir, he 
only knows how to exert bis first facultie* on the 
simple ideas which the sense of smelling preaents 

Yon see, then, that the man in qDeBtion has al- 
ready BC(]uired the capacity of forming to himself 
ideasofdiversity of the present, of the past, and even 
of the future; aflerwara, of succession, of the dn- 
ration of time, and of number, or at least of the ele- 
ments of these ideas. Some authors pretend, that 
such a men could not acquire the idea of the dura- 
tion of time without a succesaion of different sen- 
sations ; but it appears to at that the same senaa- 
tion, the smell of thn rose, for example, being coi^ 
tinued for a considerable time together, he wcniM be 
differently aifected by it than he would if it were 
presently withdrawn. A very long duraliou of the 
same sensation would at len^'become tiresome, 
which would necessarily excite in him the idea of 
duration. It must certainly be allowed, that his sool 
would be sensible of a very different effect if the sen- 
aation were continued long, than if it lasted only for 
a moment ; and the soul will clearly perceive this 
dilTereace : it will accordingly, have some idea of 
duration and of time, without any nriation. of the 
■ensations. 

' These reBectionawhich the soulmake*,oceaaioaed 
by its sensations, are what [voperly belong to its 



an act of the soul's spirituality ; for a body cm 
nersr acquire ideas. 
90a Jmmaiy, VKl. 

Dd9 



atft or THS »EAL1STS| 



LETTER XCVl. 

Camneiion ^ the Existence of tohaiwe pereewe by the 
Senses. Of the IdeaUsts^ Egotists^ and Mate* 
rialisls, 

Ih «11 the sensations which we experience when 
one of our senses is struck by any ol^ect, it is a 
natter of higrh importance to remark, that the soul 
not only acquires an idea conformed to the impression 
made on the nerves, but that it judges, at the same 
^me, there must exist an exterior object, which fur* 
nished this idea. Though habit makes us consider 
this judgment as extremely natural, yet w^ have 
reason to be astonished at it, when we examine more 
attentively what then passes in our brain. 

An example will place this in a clear light. I shall 
suppose you looking at the full moon by night; the 
rays which enter into your eyes will at once paint 
on the retina an image similar to the moon, for the 
minute particles of the retina are by the rays pot 
into a vioration similar to that which agitates those 
of the moon. Now the retina being only a contex- 
ture of nerves extremely subtile, you easiW com- 
prehend that these nerves must hence uuaeigo a 
certain agitation, which wilt be transmitted to the 
origin of the nerves in the brain. There wiU be ex- 
cited, therefore^ likewise in that portion of the brain 
a certain agitation, which is the real object that the 
soul contemplates, and from which it derives an 
ariicle of knowledge, which is the idea of the moon. 
Consequently, the idea of the moon is nothing else 
but the contemplation of this slight agitation affect- 
ingthe origin of the nerves. 

The activity of the soul is so much attached to 
the spot in which the nerves terminate, that it abso- 
lutely knows nothing of the images painted on the 
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bottom of tbe eye, and atiU lesa of the moon, whou 
raya have formed these images. The soul, however, 
doM not salisfy ilself with the mere -apeculHlion af 
tke agitation iu the brain, which aiip[^iea it imme- 
diately with the idea of the moon ; it subjotoi to this, 
the Jiidgment, that there really exists out of us aa 
object which we call the noon. This Judgment i> 
reduced to the following reaaooing: 

There has taken place in my Ivain a certain agita- 
tion, 8. certain impKsaion ; I do not absoluMy know 
by what caiise it has been produced, ua J know 
Dothiogerenof the images which are the immediate 
GHise of it upon tbe retina ^ nevertheleas, 1 boldly 
pronounce that there is a body out of me, tiie moon, 
which aajipTied me with this sensation. 

What a conaequence '. May it not be more prob- 
able that this ablation, or this impression, ia pr»- 
dnced in my brain by aome intemtl cause, such M 
the motion of the blood, or perhaps merely by 
chance 1 What right have I, then, to conclude Uu4t 
tite moon actually eziata* If 1 conclude from it, 
thai then is at the bottom of my e^e a certain 
Image, this might pass ; as, in fact, this image is tbe 
immediate caoae of the impresaion made on t^ 
brain ; though it was safflciently bold to hasard 
own thia conclusion. But I po much farther, and 
because there is a certain agitation In my brain, J 
proceed to conclude, that there exists, out of niy 
Mdy, nay, in the heavens, a body, which is the first 
catHe of such impression, and that this body is the 
ntoOD. 

In sleep, when we imagine -we see tbs moon, the 
Wul acquires the same idea; add perhaps a similar 
Bgitation is then produced in the brain, as the SMll 
Imaginea that it inen really sees the moon- It is 
•Ddoubtedly certain, that in thia we deceira wtf- 
■elvea ; bat what asauranc* hare we that our judf- 
SMBt ta better ftnnded wlun we we awake ! PU- 
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kMOphers have lost their way more than once in 
andeavonring to solve this difficulty. 

What I have Just said respecting the moon takes 
place with regard to all the bodiei which we see. 
The cdwequence is not apparent, that there must 
exist bodies out of ns, because our brain undergoea 
certain afitatious or impression*. This applies even 
to our own limbs, and to our whole body, of which 
we know nothing but by means of the senses, and 
of the impressions whicn they make in the brain; 
if, then, these impressions, and the ideie which the 
soul derives from them, prove nethii^[ as to the ex- 
istence of body, that of our own body becomes 
equally doubtful. 

You will not therefore be surprised, tbat then 
■hot;M be philosophers who have openly denied th« 
existence of bodies; and in truth it is not easy lo 
refute them. They derive a very strong argument 
from dreams, in which we imagine that we see so 
many bodies which have no etislence. ll is said 
with truth, that then it is pure illusion ; but what 
UHunnce have we that we are not under the power 
of a similar illusion when awake ! According to 
these philosophers, it ia not an illusion: the soul, 
theyadmit, perceives a certain impression — an idea; 
but they ixildly denr it to be a consequence, ttut 
bodies really exist which correBpood to those ideas. 
Tile supporters of this system are called Utiiiuu, 
because they admit the ideai only of material things, 
wid absahil«ly deny their existence. They may 
likewise be denominated ipirihiaiuu, as they mun- 
tain that no beings eiist eieept spirits. 

And as we do not know other spirits but by 
means of the senses, or of ideas, there are philoao- 
ptaers wfao go so far as to deny the existence of ^ 
spirits, Uwir own soul excepted, of the existence et 
which Bveiy one is completely convinced. These 
sre ciU^ tgotitt, because th^pntend tint aoihioK 
exists bat tneir own sonl. 
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To tbem an opposed the philosopbets whom we 
• denominate m^ieriatuu, who deny the existence of 
spirits, and maintain that every thing which eziata 
]■ matter, and that wluit we call our utul ia only 
malter extremely aubtile, and thereby rendered capa- 
ble irf tbonght. 
UAJamMty. 1761. 



LETTER XCVU. 

R^vialimt tf tA« IdtalaU. 

1 WISH it'were in my power to furniah you with 
the arnia neceaaary to combat the idealist* and the 
egotists, by dc moos trail n^, that there ia a real con- 
nexioo between our aenaationa and the objects them- 
■elves which they represent ; but the more 1 tliink 
of it, the more I feel my own incapacity. 

It would be ridiculous to think of eOKaging with 
the egotists ; for a man who imagines he alone es> 
iats, and who doea not beUeve in my existence, would 
*ct in contradiction to hia own system if he paid 
any attention to my reasoning, which, accordii^ to 
liim, would be that of an ima^aaiy being. It is 
likewise a hard task to confute the idealista~-nay, it 
ia impossible to conrince of the existence of bodies 
a man obstinatelv determined to deny it. Thoi^h 
no such philosophers existed, it would be higlily io- 
leresting to be able to convince ourselves, that as 
often as our soul experiences sensaUoos, it may be 
with certainty concluded that bodies likewise exist; 
and that, when my soul is affected by the senaatiai 
of the moon, I may thence boldly infer the existence 
of the moon. 

But the union which the Creator has established 
between the soid and the brain is a myatery so unr 
bthoroable, that all our knowledge of it amounts 
only to this : certain impressions made in the bnia, 
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ideas or semuions ; bat the cause of this tnflnence ' 
is absolutely onknown to us. We ought to satisfy' 
ourBelves with knowing that this influeoce sobsiatA, 
which experience sufficiently confinnB; and it is in 
vain to investigBte hoa this is produced. Now, the 
same experience which proves it informs us Uke- 
wise that every sensalion always disposes the soul 
to believe that there exists, out of it, some object 
which excited such sensation ; and that sensation 
discovers to us several properties of the object- 
It is, then, a most undoubted fact, that the sou) 
always concludes, from any sensation whatever, the 
existence of a real ob^ct ont of us. ' This is bo 
natural to us from our earliest infancy, and so uni- 
versally the case with all men, and evenwith am* 
mals, that it cannot with any propriety be caUed a 
prejudice. I^e dog that bariii when he sees me is 



certainly convinced that I exist ; far my 'met 



dog. 



are aaaured that bodies exiat ont «f them ; and they 
could not have this conviction but by the sensations 
excit€>d in their souls. 
I believe, therefore, that sensations inclodv much 



pressions made in the brain ; they snmly the soul 
not with ideas only, but they effectively represent 
to it objects extenially existing, though we canaot 
comprehend how this is done. 

In fact, what resemblance can there, be betweeo 
the luminous idea of the moon, and the slight im- 
pression which its rays may produce in the brain by 
means of nerves 1 

The idea, even in as far as the soul perceives it, 
has nothing material ; it is an act of the soul, which 
is a niirit: it is not necessary, therefore, to look for 
a leal relation between the ja^ttesaioBs of the bra^ 
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and the ideas of the soul ; it is enough for ns to 
bow that certain inipreHiona made in the brain ex- 
cite certain ideas in the soul, and that these ideas 
are repreeentationa of objecta externally existing, 
of vhose existence they g^ve us the assurance. 

Thus, when my brain excites in my soul the sensa- 
tion of a tree, or of a house, I pronounce, without 
hesitation, that a tree, or a house, really exists out 
of me, of which I know the place, the size, and other 
propenies. Accordingly, we find neither man nor 
beast who eoUs this truth in question. If a clown 
should take it into his head to conceive such a 
doubt, and should »ay, for example, he does not be- 
lieTe that his baililT exists, though he stands in his 
presence, he would be taken for a madman, and with 
good reason; but when a philosopher advances such 
sentiments, he expects we should admire his know- 
tedge and sagacity, which infinitely surpass the ap- 
prehtmsions of the vulgar. 

It appears to me, accordingly, abundantly certain 
that such exlravagwit sentiments would never havo 
been maintained, but from pride and an affectation 
of singularity ; and you will readily believe that the 
common people have, in this respect, much more 
good sense than those leame'd gentlemen who derive 
no other advantage from their researches but that. 
,of bewildering themselves in a labjrinUi of chime- 
ras, unintelligible to the rest of mankind. 

Let it be established, then, as a certain rule, that 
every sensation not only excites in the soul an idea, 
but shows it, if I may so express myself, an external 
object, of whose existence it gives full assurance 
without practismg a deception. A very formidable 
objei^tlon, however, is started against this, arising 
from dreams and the reveries of sick persons, in 
which the soul experiences a great varie^ of sensa- 
tions of objects wnich nowhere exist. The only re- 
Dectioa 1 shall suggcsLon this subject is, that it roost 
be veiy natural fQr as to judge that the objects, thtt 
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senutioii of wliidi the sou} experiences, really «xf it, 
ag we Judre otler this manner even in aleep, thongli 
then we aeceive ounelves ; but it does not thenc« 
follow ti)Bt we likewise deceive oareeirsB when w« 
are awike. In order to remoTe this objection, it la 
neoeuBiy to know better the difference of the state 
of the nuui who is asleep and of him who wakes; 
and none, perhaps, know this less than the learnod, 
. which must surely be a matter of Mme surprise 
to you. 
gfJrt Jatmary, 1761. 



LETTER XCVIII. 

7tb Faadty of Petceiving. Itemmitcence, Mtmory, 
artd AUenlioK. Simple and comjumnd Ideas. 

Yoo are by Ihis lime sensible ttiat objects by act- 
ing upon our senses excite in the soul sensationa, 
from which we judge that they really exist cot of 
ui. Thoug-h the impressions which occssion theae 
sensations are made in the brain, they present, then, 
to the soul a species of image similar to the object 
which the soul perceives, and which is caUed the 
miible idea, because it is excited by the senaas. 
Thus, on seeing a dog the soul acquires the idea of 
it; and it is by means of the senses that the son] 
comes to the knowledge of external objects, and 
acquires sensible ideas of them, which ar« the 
fonndation of all our attainments in knowledge. 
^ This facultv of the sout, by which it acquires the 
knowledge ot external things, is denominated the 
faculty of perception, and depends, no doubt, on the 
wonderful union which the Creator has established 
between the aoul and the brain. Now the soul has 
atill another faculty, that of recalling ideas alrv^ 
oonmunicated by the aenses ; and this faculty is 
MMed rmtmUetnee, at imaginatioii. Thus, bannf 
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Alce BMn an elephant, you will be able to reciAeot 
tbe idea of that animal, thon^ it is no longer before 
you. There is, howem, a mighty diflerence b»- 
tween actual and recollected ideas : the former 
make an impreaaion much more lively and mtereat- 
ingthan the latter; but the ^nttr of recalling ideui 
is the principal source of all onr knowledge. 

KA we lose the ideaa of <d>ject8 as aoon aa they 
oesse to act upon our aenaes, we should nerer be 
able to make any refleotion, any comparison; and 
our knowledge would be entirely confined to the 
tilings which we sbonldfeel at the moment, all pre- 
ceding ideas being ertinguiahed, as if we bad never 
poasewed them. 

It is, therefore, a faculty essential to reasoiobl* 
bein^, and with which animals too are endowed, 
tiiat of being able to recollect paat idms. You know 
the facuinr of which 1 speak is mrmory. It by DO 
means follows, however, that we hare it always in 
our power to recall all our past ideas. How fir«- 
qnently do we eiert ouraelvea in vain to recollect 
certain ideas which we formerly had ! Sometimes 
we forget them entirely ; but for the most part only 
prnffidly. 

If you riiould happen, for example, to forget the 
demoiistration of. the Pythagorean theorem, with 
all your eSbrta, perhaps, yon should not be able to 
recollect it— but this would be only a partial forget- 
iblness ; for as aoon as I had again drawn the figure, 
and put you in the train of the demonstration, you 
win presently recollect it ; and this second demtm- 
stration will make on youi mind quite a dlfierent 
impression from the Arst. We bee, then, that tbe 
reminiBcence of ideas is not always in our poweri 
though they may not he wholly extinguished ; and 
a slight circumstance ia frequently capable of repro- 
ducing them. 
' We must therefore carefully distinguish between 
■ensiUe and recollected ideas. 8aa«ib)e ideaa am 

Vol. I.— E e 
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npnaoMi to us by the Beosee ; but we tHmelrea 
form recollected ideas on the model o[ the sensible, 
as far B8 we remember them. 

The doctrine of ideas is of the last importance for 
the purpose of a thorough disquisition of the r«al 
soOTces of hnman koowledgB. And, first, idessara 
diatinguiahed into timnlt md canplet. A aimide 
idea ia that in which uie soul finds nothing to ois- 
tinguisb, and remarks no parts different from each 
other. Such is, for example, the idea of a smell, or 
of a spot on a substance of one colour ; such is lAe- 
wise that of a star, in which we perceive only ona 
luminous point. A complex idea ih a representation 
in which the soul is able to distinguish several differ' 
ent things. When, for instance, we look attentively 
at the moon, we discover several dark spots, sur- 
rounded by contours more luminous; we remark 
also her round figure when she ia full, tad her 
homed figure when waxing or waning. On viewing 
her through the telescope, there are many other par- 
ticulars distinguishable. 

How many different things do we not perceive in 
beholding a noble palace, or a fine garden' When 
you do me the honour to read this Letter, you will 
diacover in it the different traits of the characters, 
which you can with ease distinguish from each 
other. This, then, is a complex idea, as it contains 
a variety of simjje ideas. Not only this Letter, 
taken in whole, presents a complex idea, from its 
conaisting of a plurality of words ; but every word 
loo is a complex idea, being composed of several 
chivacters ; nay, every character is one, from the 
smgulority of the form which distinguishes it front 
others ; hut the elements or points which constituto 
every character may be considered aa simple ideas, 
inasmuch aa you no longer perceive in them any 
diversity. A greater degree of attention will like- 
wise discover some variety in these element^ oa 
viewing them through a micniBC*^ 
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There is a ^at difltoence, Uierefore, eran in the 



'e very little variety ; but to an attentive conaider- 
ation, every particular detail atanda disclosed. A 
BBva^, on throwing' bis eyea over tbia Letter, wUl 
take It for a piece of p^>er scribtded all over, and 
will dietingnish only the hlack from the white, 
whereas an attentive reader observes in it the pecu- 
liar form of every chaxHcter. Here, then, we have 
a new faculty of the soul, denominated attention, by 
which it acquires the simple ideas of the diSereut 
things that meet in one object. 

Attention requires address, the result of long and 
frequentexercise, to render it capable of distingnish- 
ing the different parts of an object. A clown a^ 
an architect, passing by a palace, will both receive 
the impression of the rays which enter into their 
eyes; but the architect will discover a thousand 
minute particulars of which the clown kas no pr- 
eoption. Attention alone produces this difference. 

3lJl Jartumy, 1761. 
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Ip we consider, in a slight manner onl^, a repre- 
•entation made to us by the senses, the idea which 
we acquire from it is very imperfect, and we say it 
fs obsctire ; but the more attention that we employ 
to distinguish all its parts, the more per/eel or dit- 
tmcl our idea will become. In order to acquire a 
perfect or distinct idea of an object, it is not tiien 
■ofllcient that it should be represented in the brain 
by impressions made upon the senses — the soul too 
nnst l^>plT its attention, which is properly an BOt 
ot the soul, independent upon the body. 



, . 11 expressed, tnd contaio ^ 

diflereat part« and qualities which characteiize tlw 
object. This takes pliice when the object is pre- 
•ented to the seiueB in a suitable maimer. WheiL 
fer exanple, I see a }»ece of writing at the dietaace 
at ten feet, I am un^le to read it, let me emplojr 
wfaatever degree of attention 1 may ; the distance 
ol tbe chaneten prevents their being accurately 
e^iressed on the ItotUMn of the eye, siod conse- 
^enllj also in the brain : but if the same writing is 
Iwought to a proper distaace, 1 can read it, becauM 
then all the characters are distinctly r^rcaented o» 
4he bottom of tiw eye. 

You know that we employ certsui instruneDta is 
erder to procure a more perfect representation ia 
tke organs of seoM, such as microscopes and tele- 
scopes i which are intended as m^ralemente to tbf 
bnperiection of vision. But, in employing their as- 
sistBoce, we are incapable of attaining a distinct 
idea without attention ; otherwise we acquire but 
an obscure idea, nearly such as we should Mve had 
by taUng a glimpse of tbe object only. 

I have already remarked, that sensationa are by 
no means indinerent to the aool, but agree^le or 
disagreeable ; and this agreeablcness, or its opposite, 
excites our attention, unless the soul is preK>cciq)ied 
by several other eensatioDs which entirely engross 
it; this last state of the soul is termed dutraetion, 
i Exercise likewise greatly contributes to strengthen 
attention : and there cannot be « mode of exenuae 
■nore suitable to children than teaching them to read; 
for they are thereby laid under the necessity of fix- 
ing their attention successively oa every characteiv 
and of impressing on their minds a clear idtfa of the 
figure of each. It is easy to see that this exercise 
must be at first extremely painful ; but such a h^il 
Is BO speedily acquired, that even a child, after a 
little ^ifilicatioD, can read with utoBishijig quick- 
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ueSB. In reading a piece of writing, we must hare 
s vety distinct idea of every character; thus atten- 
tion IS susceptible of a very hi^ degree of perfect 
tion from exercise. 

With what amazing rapidity will a pro^cient in 
IDOsie execute the most difficult pieca, though he 
Rever saw it before ! It is certain that his attention 
must have run over all the notes, one after another^ 
and that he remarked the significalioQ of each. His 
attention, however, is not confined only to these 
notes; it presides likewise over the motion of the 
fingers, not one of which moves but by an express 
order of the soul ; he remarks likewise, at the same 
time, how the other perfotmera execute their parta- 



carriMl by apphcation and exercise. Show the same 
piece of music to « beginner ; bow much time does 
it require to impress on bis mind the signification 
of everv note, and to give him a complete idea of 
it ; while the master acquires it by almost a single 
^ance. 

This alnUty extends «iually to all other Junds id 
objects, m which one man may infinitely surpass 
another. There are persons who, with one glance 
fixed on a person passing before them, acquire a 
distinct idea, not only of all the features of the face, 
but the particuiBra of his whole dress, down to the 
minutest trides, while othera are incapable of n- 
marking the most striking circumstances. 

We observe, in this respect, an infinite dlffeience 
among men. Some promptly catch all the diftierent 
marks of an object, and form to theniselvea adistinct 
Meaof it, while that formed by others ia e&tremely 
obscure. This difference depends, not oniyon mental 
penetration, but likewise on the naturo of the objects. 
A musician catches at once the whole piece of music, 
«nd acquires a distinct idea of it ; but present him 
with a piece of writing in Chiiiese chanuiters, and 
Eea 
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he wiU hKve onlr vet^ obscure ideas indeed of Buck 
writing: the Chinese, on the contrary, will know at 
lirst sight the real import of each character, b\A 
will, in his turn, underetand nothing of musica] notea. 
The botaniat obserreB in a plant which he never 
BBW before a thousand particulars which escape the 
attention of another; and the architect discerns, bv 
a sin^e gflance, in a boildiog', many things which 
another, with a much greater degree of attention, 
could not have discovered. 

It is always useful to form distinct ideas of the 
objects presented to our senses ; in other words, to 
remark all the parts of which they are composml, 
and the marks which distingtiish aod characterize 
them. From these observations yon will eaailycoro- 
prehend the division of ideas into obscure and clear, 
into confused and distinct. The mote distinct they 
are, the more they contribute to Ibe advancement w 
knowledge. 

UFebrvary,\7ei. 



Tbi senses represent objects only which exist 
externally ; and sensible ideas all refer to them : but 
of these sensible ideas the soul fonne to itself « 
variety of other ideas, which are indeed derived 
fVom these, but which no longer represent ol^ecto 
really existing. 

When, for example, I look at the full moon, -ami 
fix ray attention only on its contour, 1 form the idts 
of roundness ; but I cannot affirm that roundnew 
exists of itself. The moon is round, but the rouwl 
figure does not exist separately out of the mom. It 
U the same with rospect to all other figures i and 
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wllMi I Me B triangular, or aqiure tabla, I msy have 
the idea of a triangle, or of a square, though such 
a figure exists nowhere of itself, or separately from 
an object poBeeuing that figtire. 

■ The ideas of numbers have the same origin. Hav- 
ing seen two or tlirea peraODB, the soul fnuia the 
idea of two or three, without attaching it any looffer 
to the persona. Having already acquired the iOtm 
of (Atm, the soul is aUe to proceed, aad to fonn the 
ideas of greater numbers, of four, five, ten, a hundred, 
> thousand, and so on, without ever having precisely 
seen so many things together. A single uistaace, 
therefore, la which we have seen two'or three ob- 
jects, may carry the soul forward to the form»' 
tion of the idess of other numbers, be they ever so 
great 

The same thing holds as to flgures ; and you have 
the power of forming to yourself the idea of a poly- 
Boa, with 1761 sides, for example, though you Dever 
Have seen sn object of that form, and dtoi^ no we 
such, perh^M, ever existed. 

Here the soul exert* a new faculty, which is called 
tiw power of abstraction ; this takes place when the 
soul Axes its attention on only one quantity or qnaUt^ 
of the object, and considers it separately, as if it 
were no longer attached to the object. When, for 
instance, I put my hand on a heated stone, and cod- 
Ane my attention to the heat only, I form from it 
U^ idea of heat, which a no longer attached to tlM 
atone. Thie idea of heat is farmed by abstnictkm, as 
it is separated from the stone ; and the soul mij^t 
have derived the same idea Irom touching a piece 
of wood heated, or by plunging the hind into hot 

'Huis, by means of abstraction, the soul forms a 
thousand other ideas of the quantities and properties 
of objects, by sepsrating them afterward from the 
etieota themoelves: as, when I see a red coat, and 
Ax my ittentioa only on tiio colour, I fona the idea 
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oT red, BOparale from the coat ; and it ii obnous that 
B red flower, or but other enibatance of that colour, 
wonld have enabled me to form the same idea. 

These ideas, acquired by abatrsction, are denomi- 
nated notumt, lo distiiiguiah them hova sensible ideas, 
which repreeent to ue ejects really existing. 

It is allied that the power of abstraction is a pre- 
rogatiTB or men, and of other rational beings, and 
that the beasts are entirely destitute of it. A beast 
may experieDce the same sensation of hot water that 
we do, but is iinaUe to separate the idea of heat and 
that of the water itself ; it knows heat only in so far 
as it is co^inected with the water, but has not the 
abstract idea of heat which we have. It is said that 
these notions are general ideas, which extend to 
Mveral things at once, as we may find heat in stone, 
wood, water, or any other body; bat our idea of 
heat is not attached to any one t>ody ; for if niv idex 
of heat were attached to a certain stone, which first 
supplied me with that idea, I could not affirm that 
wood or other bodies were hot. Hence it is evident, 
that these notions, or general ideas, are not attached 
to certain cAijects, as sensible ideas are ; and as they 
diatingniah man from the brute creation, they prop- 
erly exalt him to a degree of rationality wholly 
tuattainable by the beasts. 

There is atiU further a species of notions, likewise 
formed by abstraction, which supply Uie sod with 
the most unponant si^jects on which to employ its 
powers : these are the ideas of gtnuM and tpteia. 
When I see a pear-tree, a cheny-tree, an amle-tree, 
an oak, a fir, &c., all these ideas are diAerent; I 
neverthelem remark in them several things which 
th(^ have in common ; as the trunk, the branches, 
and the roots ; I stop short only al those things whidi 
the diflerent ideas have in common, and the object 
in which all such qnalitjes meet I call a tret. Thus 
U»e idea of tree which I have formed in this manner 
is a gmtral notion, and comprehends the sensihia 
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Ideas of the pear-tree, the apple-trae, and, in general, 
or every tree that exists. 

Now, the tree which corresponds to my idea of 
tree nowhere exists; it is not the pear-tree, for 
thea the apple would not be comprehended tmder 
it ; for the same reason, it is not the cherry-tree, nor 
the plum, nor the oak, tec. ; in a word, it exisia 
only in my aoul; it is only an idea, but which is 
reuiaed in an infinite nnmber of objects. In lik« 
maaoer, wUen I speak of a cherra-lrte, it too is a 
getwral notion, which comprehends all the cfacorf- 
Irees that exist : this notion is not restricted to a 
particular cberry-tree in my garden : for then every 
Otiier cheny-tree would he e^lnded. 

With respect to genera! notions, evsry existing 
object, comprehended under one, ia denominated an 
individual, and tlie general idea, say that of the 
cherry-tree, ia denominated ipeciei ot f^tnut. These 
two words signify nearly the same thing, bat genus 
is the more comprehensive, including in it avariety 
et tfaciea. Thus the notion of a tree may be con- 
sidared as a genua, as it inclades the notions of pear- 
tr«M, qq>Ifr4reea, oaks, firs, and so on, which are 



This manner of fonoing general ideas is, therefore, 
likewise performed 1^ abstraction; and it is here 
ehielty that the so«l exerts Uie acUvity and performs 
the operatioM firoro whi^ all our knoiriedge is d«- 
rived. Without these general ootions, we slioaU 
diAhr nothing from the brutes. 
, 7a iUr*«7, 1761. 
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Of LoKguagt ! ia Natare, Aieantagtt, «ni Necettity, 
HI o^er to Mc Comnatnication of ThoKgla, and like 
CultmatioK of Kmnnleigt. 

WBATim Bptitade a man may have to exercise 
the power of abstraction, and to furnish himself with 
general ide*as, be can make no considerable progress 
without the aid of Isngnage, spoken or wntten. 
Both the one and the otber contain a variety of 
worts, which Bie only certain signs corresponding 
to our ideas, and whose signification ia settled by 
ciutom, or the tacit consent of several men who live 
tofether. 

It would appear from this, that the only pnipose 
of langua^ to mankind is mntnally to conunnnicate 
their sentiments, and that a solitary man ml^t do 
very well without it ; but a littie reflection c»ly is 
necessary to be convinced, that men stand in need 
of lauguaKB, as innch to pursue and cultivate their 
own thoughts as to keep op a commnnicatiuB with 

To prove this, I remark, fiiat, that we have scarcely 
a wonl in any lanvnage whose signification ia a<- 
tachedto one individual object. If each cherry-tree 
in a whole conntty had its proper name, as well aa 
every pear-tree, and, in general, every individoal 
tree ; what an enormous conudication in language 
would result from it '. Were I under the neceeuty 
of employinga particular term lo denote every sheet 
of p^T in my bureau, or if I should, from caprice, 
think fit to give each a particular name, this would 
be as useless to myself as to others. 

It is, then, a very imperfect description of lan- 
guage to say, that men have, from the first, imposed 
on ul individual (Ejects certain names to serve them 
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for signs, lie words of a lansoage ezpresa gemrd 
DotioDB ; sDd 70U will rarely bid one which mariu 
onlf a single individual. The name AUxander the 
Oriat i> apf^cable to one particular person; but 
tiiea it is a compound name. There may ba*e been 
many thousands of Alezandera ; and the epithet ^ee( 
extends to an infinite number of things. It is thus 
that all men bear namee, to distinguish then ftom 
others, though these names may be frequently com- 
mon to many. 

The esBence of a language consists rather in its 
containing Words to denote general notions, as that 
of tree corresponds to a prodigious number of indi- 
ridnal beings. These words serve not only to coo* 
vey to others, who understand the same language, 
the same idea which I affix to the words ; but t&f 
are likewise a great sasistance to me in representing 
this idea to myself. Without the word tree, whicn 
repreaenta to me the general ndtion of a tree, I must 
ioMgine to myself at once a cherry-tree, a pear- 
tree, an amlfr-tree, a fir, Ac., and thence extract 
what they have in common. This would necee- 
sarily oppress the mind, and speedily inToWe it ia 
the greatest perplexity. But iiaTing, once Gw all, 
determined to express by the term tree the genwal 
notion formed by abstraction, this term always ex- 
cites in my soul the same notion, without my having 
occssioo to recollect its origin ; and accordingly, die 
word free alone, for the most part, constitutes, the 
object of the sool, without the representation of any 
real tree. 

The word mm is, in Uke manner, a sign to denot* 
the general notion of what all men have m common ; 
and it would be very difficult to tell or to make the 
enumeration of all that this notion contains. Would 
yon say that he is a living two-legged being! A 
cock would likewise be inchided in this descnption. 
Would you say, in words of Plato'a definition, that 
he is a two4egged aaiinal without festheis 1 Yon 
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lt»n only to strip tha eoci of Ma feat&ers, in orier 
to obtain the Plalomc man. 

I do not know whether tboae who say that man is 
an animal endowed with reason, express themselree 
mora accuralelj; for how often do we take for men 
certain beinga of whose nttonality we hare no an- 
snnnce. On viewing an anaj, 1 hav« not the least 
do(d)t that every soldier is a man, thongh I have not 
the smsHeet proof that they are all endowed whh 
reason. If i were to make an enumeration of aD 
the members necessary to constitute a man, some 
men would always be found defective in one, per- 
h^M in several of these, or we might find some beast 
wno bad them all. On investigating, therefore, the 
origin of the general notirai of man, it is almost 
hnposaible to say wherein it consista. 

No one, however, has any donbt respecting the ng- 
nifieation of the word ; because every one, wishuu 
to excite this notion in his soul, has only to think 
on the word man, as if he saw it written on paper, 
or heard it pronounced, according bb the respective 
language of sny one may be. 

Hence we iee that, for the most part, the objects 
of our thoughts are not so much the things them- 
selves, as the words by which these things are de- 
noted in langus)^-, which mstl; fticilitates the ex- 
ercise of thought. What idea, in fact, do we asso- 
ciate with the terms virtvri liberty, geodntu, Ac. i 
Not surely a sensible image ; but the soul, haviBff 
once fonned the abstract notions which corteqioid 
to these terms, afterward substitutes them in its 
dKK^ts, -in place of the things which they denote. 

You msy essily conceive how many abstractimis 
it was necessary to make, in order to arrive at the 
notion of virtut. The actions of men were fiiat to 
be considered ; they wvre then to be compared with 
the duties imposed on them ; in conseqnenee of this, 
we give tiie name of eirlse to the disMsition whtdl 
a nian has to regnlata bis wtinR GvntBimaHy t* Us 
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dotiM. fiirt,oiib*aniigtlM wordMrltie rapidlypni- 
novKfld in convenatioD, do we sliraTB connect with 
it this complex Dotionl And whM idea is excit«d 
in the mind on hearing Uie particle and or aUa pio- 
nntneed t It is rewUlf aeen that theae words import 
tspeoies of connexion; but take what pains yon 
pisase to describe this connexion, you will find yonr- 
■elf .imder the neceasity of employing other worda, 
whose aigniflcstion it would b« equdly difflcolt to 
ezpUiD ; and if I were to attempt an explanation of 
the Import of tbe pwticle on^ I must make fmqnml 
DM of that very particle. 

You are now eitiU>led to judge of what adTantam 
laagnage is to direct oar thoughts ; and that vi&- 
oat language we shoidd hardly be in a condition to 
think at df 

lOa FOnvy, 1761. 
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I KITS been endeavouring to show yon bow neces- 
saiy lan^B^ is to man, not only for the matnal 
commmncation of sentiment and thoiubt, bnt like- 
wiae for tbe im{Hwement of the mimf and the ex- 
tenaion of knowledge. 

Theaa signs or words represent, then, general no- 
ticHs, each of which is ^i]dicable to an ignite nmiw 
ber of objects : as, for instance, the idea of hot, and 
of best, to every indiridiul object which is hot ; snd 
tbe idM Off general notion of im is a^^caUe to 
every iodividBal tree in a garden or a forest, whether 
dMrries, pars, oaks, or flrs, &c. 

Hence you must be sensible how one language 
mar b« mote perfect than another. A languaie 

Vol. I.— Ff 
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alwHys is BO in proportioii aa it ia in a condition to 
expresa a greatar number of general notions, formed 
l^ BbBtractioD. It is with respect to these notions 
that we must estimste the perfection of a language. 

Ponneriy, there was no word in the Russian lan- 
guage to ezpreM what we call juitiu. This was 
certainly a Tcry great defect, as the idea of juetic« 
is of very greet importance in a great number of our 
judgments and reasonings, and as it is scarcely pes- 
sU>le to think of the thing itself without a tenn ex- 
{Hessive of it. They have accordingly supplied this 
defect by introducing into that language a woid 
which conve3'e the notion of justice. 

These general notions, formed by abatractian, are 
'Cam source of all our judgments and of all our rea- 
sonings. A jndgmenl is nothing else but the afSnna- 
tion, or negation, that s notion is applicable, or in- 
applicable; and when such judgment ta expressed 
in words, we call it a propotitwn. To give an ex- 
ample : AH men are mmicU, is a proposition which 
contains two notions; the firet, that of men in 
. general — and the second, that of mortality, which 
comprehends whatever is mortal. The judgment 
consists in pronouncing and affirming fA<if lAc motton 
ofmoriaiity u applicable to all men. This is a judg- 
ment, and being expresaed in words, it is a pn^MHU- 
tion ; and because it affirms, we call it <m affirmaHii* 
ptvpimtion. If it denied, we would call it negatme, 
such as this. No man it nghteaiu. These two j^«f»- 
titiont, which I have introduced as examples, an 
vmtxTtal, because the one affirms of all men that 
they are mortal, and the other denies that they are 

fij^OUB. 

There are Ukewise partindar prepositiau, both 
negative and affirmative ; as 3onw M«fi or* UameJ, 
and Some sum mre not wite. What is here sfflmwd, 
and denied, is not applicable to all men, but to mow 
of them. 

Hence we derive ftour ■ 
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Tbe fiist is that of affirvuiHti* and untBertai propon- 
tiotu, the form of which in general is : 
ETery A is B. 

The second species contains negatiee and anietnal 
vropoiitiotu, the form of which in aetteral is : 
^ No A is B. 

The third is that of a^irmatitu prapontumt, bat 
fortieulaT, contained in this fonn : 
Some A is B. 

And, finally, the fourth is that of negiOint and for- 
tieuiar propotitiaia, of which the fonn is : 
Some A is not B. 

All tiiese wopositions contain essentially two no- 
tions, A and B, which are called the tentu ojiht propo- 
tition! the flrat of which affirms or denies soms* 
thing, — and this we call the autgtct : and the second, 
which we say is applicable, or inafqilicable, to the 
first, is the auributt. Thus, in the proposition, atl 
tntn art mcrtai, the word m^n, or mta, is the anbjoct, 
and the woid mortai the attribate : these words are 
much used in logic, irtiich teachss the rules of just 
reasoning. 

These four species of prapoaitions may likewise 
be represented by fignres, so as to exhibit tneir nature 
to the eye. Thw must be a great assiBtance towards 
comprenending more distinctly wherein the accuracy 
of a chain of reasoning consists. 

As a general notion contains an infinite number 
of indivMoat objects, we may consider it as a space 
in which they are all contained. Thus, 
for the notion of nutn we form a apace. Fig. 41. 
Fig. «, in which we conceive all men /^~n 
to be oomprehended. For the notion ( -*- ) 
of mortal we form another. Fig. 4S, in ^-^ 
which we conceiye eyery thing mortal 
to be comprehended. And when 1 af- Fig. 49. 
Srm dU DMK ore mortal, it is the same f^S 
thing with affirfning that the first figure \~) 
is flOBtaioed in the aecood. 



II. As to negative untvera 
tioDs, the two spaces A and I 
A always denotes the sulfft 
the atifiimie^ will be represe 
Fi^, 44, the one separated 
other ; because we say no ^ 
that nothing comprehended 
notion B. 

J III. In affirmative parCic 

timis, as, <om« A tf B, a pari 
A will be comprehendea in 
Fig. 46 ; as we see here, tl 
comprehended in the nptioi 

iV. For negative partici 
tions, as, some Ans not B^ i 
space A must be out of t] 
Fir. 46. This Agure resem 
eeding; bot we Imfb remari 
that there is somethiBg in 1 
which is not comprehended 
is out of it. 

14M Febnuuy, 1761. 
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to exfdaiB ; wheresB iiy means of these mens the 
whole is rendered sensible to the eye. We may 
mnploy, then, spaces foimed aX pleasure to represent 
ereiy ^vaetai notion, and mark the subject of s 
noposition by a nmce contaimiw A, and the albri- 
Bute by another which contains B. The nature of 
' the proposition itself always imports, either that the 
apace of A is wholly contaJRed< in the space F 
that itiapr^' '-' - ■' ■ - 



IB partly contained in that space ; or that a 

least, - ' "- " - .--..- .1-. 

the space A it 



part, at least, is out of the space B ;' or, finally, that 
■ s whoUy out of B." 
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uwiua A mmy contain the no 
tirely, as in Fig. 47; and tl 
aame time, aa is clear from tt 

Eirt of the apace A may be in 
, and that a part of A may n 
Now, if A were, for examide, 
tne m general, and B that of i 
» contained wholly in the &n 
aitions might be formed: 

I. All oaks are < 
II. Some, trees 8 

T ,M ^^* Some" trees a 

In like mamier, if of two s 

' out of the other, as in Fig, 44 

AtsBf^noBisA; asiflw 

a tree, and no tree is a man. 

In the third case, where the 
i^rt in common, as in I^, 45!, 

I. Some A is 

II. Some Bis 

HI. Some A is 

IV. Some B is 

I nis may suffice to show you 

may be represented by figurej 

utihty is manifest in reaaonin 

pressed in words, are caUed svli 

the object is to draw a just con 
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I. If the notion Ib «iitinl7 mop j^. 4^, 
talnedtntbeiiotianA.it'wlUbeaoUks- - - 
viM in the notion B, 7^48; hencei 
.-mlta this form of syllogiBm. 

. BveiyAisB: 
BntBrery Ois A: 
Therofora Ersry C ii B. 
Whkb ia the conclnnon. 

Let the notion A, for example, coettvehend iB 
txees, the notion B ever; thing that has roota ; tad 
the notion C all oaka, and then our lyUogiam wiH 
xnntfaaa: 

Every tree has roota: 

Bnt Every oak is ktree: 

Therefore Every oak ha* roota. 

n. If the notion C jfw, 49. 

lias a part contained 

an A, that part wiQ 

iikewite be «o in B, / 

because the notimi A U 

ia wboOy included in \ 

-the notion B, Fig. M 

.andfiO. 

Hence reaulta the aecond form of ayllogian : 
Every A ia B ; 
Bat Some C ia A : 
Therefore Some C ia B. 
If the notion C were entirely out of the notion A, 
nothing would follow with respect to the notion B : 
it night hqipen that notion C ahonid he entitely out 
Fig. 61. Fig. 6S. Pig. 63. 

«rB (Fv- CI), or wholly in BX^. S9), or partly only 
in B (fy. 63), ao that no conclniuHicotilabemsm. 




But Ko C is B, or 
Therefore No C is A. 
iy» If the notion C has a part out 
of the notion B, that same pvti will 
certaiidy likewise be out of the no- j 
tion A, because this last is wholly ( 
in the notion B (Fig. 54). Hence \ 
this form of syllogism : 

Every A is B: 
But Some C is notB : 
Therefore Some C is not A. 
y. If the notion C contains the 
whole of notion B, part of notion G 
') ^ will certainly fall into notiou A (Fig. 

#6). Hence this form of syllogism : 

Every A is B : I 
But Every B is C : 
Therefor^ Some C is A. 
^' ' ■ No other form is possible, while 

the first propOsiti'-n is affirmative and 
Let us now suppose the first pra| 
negative and universal ; namely, 

No A is B. 
It is represented in Fig. 64, wherel 
entirely out of notion B ; and the fi| 
will furnish conclusions : 
I- If notion C is entirely in no- 
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n. If notkm C is entirely com- 
prehended In notion A, it must . 



prehended In notion A, it must /"XN 

also be entirely excluded ttmaf y-v \ f~i. 

notionB(F^.57). Hencea syl-l v£; ( \Z) 



aB (Fig. 
noithiB 



yCiiA: 



But Ererv C ii 
Therefore No C is B 
m. If notion C has a part contained in notion At 
that part must certainly be oat of notion B ; a> in ' 
Fig. S8, or in Fig. SB, and 60. Hence a lyllogiam 
oftliiaEDnn: 

No A is B: 
But Some C is A, or Bome A !■ C : 
Therefore Some C ia not B. 



Fig-K. 



Fig. BO. 



Fig. to. 



IT. In lik« manner, if notion P has a part coiw 
Wmtd iB B, that part will certainly be out of A ; u 
in FSg. ei, as also F^. 69, and 63. Henca the Ibl- 
Lawing ayUogism : , 

No A ia B : 
Bat Some C is B, or some B la C : 
Therefore Some C is not A. 



Fig.n. 
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As to the other totma, in which the first propom- 
timt ia particulu-, affirmative, or ttegBtive, I shall 
show, in another Letter, how they may be repreaeated 
by (ignreB. 

VJlh Feirwry, 1761. 

LETTER CIV. 

. S^ertnt Formt of Syllogimt, uihott fint Propetitum 
u particular. 

Ix the preceding Letter I have preaented yoa wiHt 
the different forms of syllogiBmB, or simple roaaon- 
in^, which derive theit origin from the tost propo- 
sition, when it is universal, affirmative, or negative. 
It etill remains that I laj before you those syllo- 
gisms whose Grat proposition ia particular, affirma- 
tive, or negative, in order to have all possible forma 
of syllogism that lead to a fair conclusion. 

Let, tnen, the flrst propoaitlon, afirmatire and 
particular, be expressed in this general form — 

Some Ais B {tie Jy. 46) ; 
in wfaich a part of the notion A is contained in tbe 
notion B. 



notion A, as in Fig. 64, 05, and 66 ; or will hove & 
part in the notion A, as in Fig. 67, tS, and 60; or 
will be entirely out of notion A, as in Fig. 70, 71, 
and 78. No conclusion can be drawn in any <tf 
these cases, as it might be possible for notion C to be 
entirely within notion B, or in part, or not at all. 
Fig. «4. Fig. es. Fig. 66. 
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sirlVBiiiT FOBxa or stlloguiu. S4T 
Fig. 67. F^. fl8^ iy,. 6». 




But if notion C cODtains in iUeir notion A, it ia 
certain that it will likewise contain a part of notion 
B, as in Fig. 73 and 74. Hence reaulta this fonn 
of syllogism : 

Some A is B : 

ButEveryAUC: 

Theiefore Some C is B. 



Fig. 74. 



Fig. 73. 



It is the HGiae when we compani notion C with na- 
tion B : we can draw no conclusion unless notion C 
contains notion B entirely (Fig. 7& and 76); for 
Fig. 76. Fig. 76. 



in that case, as notion A has a part contained in no- 
tion B, the saine part will then certainly be coiH' 
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BegatiTe and particular, namely, 

Some A is not B. 
It ia represented in Fig, 77, in white 
of notion A is out of notion B. 

In this case, if the third notion i 
la&iB notion A entirely, it will cert 
part out of notion B, as in Fig. 7( 
pyea this syllogism: 

Some A is not B : 
BntBTeryAiaC: 
TlieMfore Some ta not B. 

^.78. Fi 




Again? if notion G ia wholly m 
B, or A has a part out of B, thai 
likewise certainly be out of C (j 



I. r 






DimuilT TovxB s? nLLoam 



I. Evtry A iB B : 
But EvwyCis A: 

Thenfbre E-nry C m B. 

II. Every A is B : 
But Some C U A : 

TherafoK Some C is B. 

IIL EverrAuB: 

But No C is B: 
Therafore No C ia A. 

iT^ EvBTTAisB: 

But No B is C: 
Therafore No C is A, 

V. EvoTyAisB: 

But SomeCisnotB. 
TbamffarsSooM OiaDotA. 

TL Eveiy A is B : 

Bat Ereiy B is C i 

Therefora Some C is A. 



Ki. NoAtsB: 

But Some C is B : 
TbMcbt* Sana C ii not A, 



XIII. Some A is B : 

Every A is C : 
Therefore Some C is B. , 

Xir Some A is B : 

But B^ery B is C : 
Therefore Borne C is A. 

XV. Some Ais not B: 
BntGvery AisC: 

llMnfina Boms C >■ out B. 

XVI. SomeAUnotB: 
But Every C is B: 

' ~ BAiiMtC. 



VU. No A ia B : 

But Everv C is A 
Therefore No C is B. 



ZVII. Every AisB: 
But Some A is C : 
Therefore Some C ia B. 



VIII. No A is B: 

But Every C Is B 
Therefore No C is A. 



XVni. No A is B: 
But Every A is C : 
«foM Some C i* not B' 



X. No A is B: 

But Some A is C : 
TlMsibNltaiM C ii not B. 



XIX. No A is B: 
But Every B is C:* 

Tbercfbre Sonw C ii not A. 

XX. Every A is B : 
But Every A is C : 

Tbsnliin Some C is B. 



] The foundation of all these i 

' twd principles, respecting the i 

and contained. 

I. Whatever is in the thing eoi 
be in the thing containing. 
I II. Whatever is out of th^ com 

be out of the contained. . 

Thus, in the last form, where 
tained entirely in notion B, it is 
contained in the notion 0, or 
that some part of notion C wiU a 
in notion B, so that some C is £ 
^^ .^ ^very syllogism, then, consis 

tions ; the two first of which ar< 

i and the third the conclusion. ] 

J of all these forms to direct oui 

that if the premise9 are both t 

infallibly is so. 

This is likewise the only me 
unknown truths. Every truth i 
conclusion of a syllogism, whos* 
bitably true. Permit me only t 
mer of the premises is called th 
and the other the minor. 
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sitions; the two first are called nremises, and the 
third the conclusion. Now th* force of the nine- 
teen fonna laid down conuals in this prapert)^ com- 
mon to them all, that if the two first propositions, 
or the premiBea, are true, yon may rest confidently 
assured of the truth of the conclusion. 
Let us consider, for example, the following syllo- 

no TIBTOOnB MAN IS A BLUtDIRKB : 
But SOUK SUNDEBEU ABE LIABNBD MEK : 

Therefore son liahned hu are hot tirthqds. 
Wbenerer you allow me the two first propositions, 
yon are obliged to allow the third, which neceasarily 
follows from it. 

This syllogism betoius to form XII. The same 
thing holds with regard to all the others which I 
hare laid down, and which the figures whereby I 
have represented them render sensible. Here we 
are presented with three notions, Fig. 83, /^, gg_ 
that of virtuous men, tl^ of slanderers, and 
that [)f learned men. (a) 

Let the space A represent the first, space 
B the second, and space C the third. It /Jv 
being said, in the first proposition, that no ^^ 
virtuous raanisB slanderer, we maintain that f^ 
nothing contained jn the notion of the viitu- \SJ 
ous man, that is, in the space A, is compre- 
hended in the notion of we slanderer, tW is, spacs 
B ; therefore space A is wholly out of space B (see 
/v. 83). Fig B3 

But it is said, in the second proposi- ^~^ J~ 
tion, that some men comprehended in (^ (b) 
Mtion B are liliewiae contained in that ^^—''^i^ 
of learned, that is, in space C ; or else, yon may 
say that part of space B is within niace xv at 
C, Fig. 84, where the part of space B in- ^S^ 
clbdM in C is marked with an *; which / 
wiU be likewise part of qiace C. Since, 
thnefots, some part of sptce C is in B, 



aod that t^o vhcde >pice B is out or sMtce A, it ii 
endent that the same ^rt of space C miut ^e- 
wbe be out of apace A, that is, tome hamtd men an 

It iniut be csrefiillT remarked, that tfai* eonclti- 
shn respecta o^ the part * of natkni C, ^^ch is 
COmprahMded in DOtionB; for aa to the rest, it is 
uncertain whether it be likewise excluded trota 
notion A, as in Fig. 85, or wholly contained in it, as 
in Ftg. 86, or only in part, as in Fig. 67. 



Fig.BS. 



Fig.m. 



Fig.m. 



ffi^(i@^6E) 



conclusion ia Umited to that only which is certain, 
that ia to say, the same part or space C contained 
in space B is certainly ont of apace A, for this bat 
is wholly out of apace B. 

The jsstneas oi tdl the other forms of syQoeisia 
may be demonstrated in like maoner ; hut aB uose 
which deviate from the nineteen fonna laid down, 
or which are not comprehended under them, are 
destitate of fo^tdatttm, and lead to error and nlse- 
hood. 

You win clearly discern the fault of such a s^lo- 
gism, by sn KEsnple, not redaclHs to any of tha 



Therefore soaa nanwm Mas asi irar Launm. 

Tlua third proposition may perhapa be true, but 
it doea not fbttow from the premises. They too 
(the premises) may very weD be trae, and in Qie 
present instaaoe thej aelually are lo; but the OM 



^ 
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is not, for tbat, a fair conclusion ; becanse it ii con- 
trary to the nature of jujit syllogism, in which the 
conclusian always must be true, when Uie premises 
are so. Accordingly, the fault of the form abo*e 
proposed is immediately discorered, by casting your 
ej^oB Fie. 62. Iiet space A contaiiiall the learned, 
space B aU the araricioos, and space C aU the virtn- 
ons. Now, the first proposition is represented bv 
Fig. 88, in which part ■ of space A (the learned) 
is contained in space fi (the aTariciona) i but it by 
no means follows. Fig. 89, that part of space C must 
be out of space A. 



Fig. 88. 



Fig. Si. 



GB (38H) 



It is even 
within space 
as in Fig. " 

Fig. 



ren possible for space C to be entirely 
ace A, as in Fig. 90, or entirely out of it, 
. 91, and at the same time entirely out of 



Fig. 91. 




A syDo^in of this form, accordingly, is totally 
false and abmrd. 

Another example will put the matter beyond a 
doubt: 

BOm TRHS 1.RK OUCS .' 

But HO OIK » Ann: 
Therefore son rrs uc not tbch. 
Hub fonn is precisely the same with the preced- 
Gg3 



} 



ffom certain known troths, yoo \ 
mkiiown ; and that all the reasc 
ieMonatrate so niaay truths in 
reduced to formal ayuogtsms. 1 
however, that our reasonings sb 
posed in the syllogistic form, [ 
mental principles be the same, 
discourse, and in writing, we n 
of avoiding syllogism. 

I must further lemark, that 
premises brings forward that o 
does not thence necessarily foil 
or both of the premises are fa 
must be so likewise ; but it is cei 
dondusion is false, one of tlie 
ibsolnteljr must be false ; for. if 
would be impossible that the co 
false. I have still some further 
mit to you on this subject, whici 
of the certainty of all the knowl 

Uth February, 17^1. 
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But BTHV A is C ; 
Theraibre mmu C is B- 
The thim ootknu are nmrkedb]rUielettienA,B,0, 
vhich are tbe three terms of this eyllogisiii ; (tf 
-whkih the leno A ml«n iaui the flrst ana second 
fn^naitioB, the term B iato tbe first and third pro- 
position, and tiw term C iuta thQ Bscond and tbiid 
{vmsition. 

n. You must carefidlydisUnguish these three 
tenna of ererj syUogisM. Two of them, namely, 
B and C, enter inte the eondusion, the one ^ 
which, C, is the lubjeci, and the ether, B, the altri- 
tvle, or fTtdicate. In logic, the subject of the con- 
chisiou, C, is called the rniWr term, aod the prtdicafe 
of tbe conclusion, B, the major term. But the thinl 
notion, or the term A, is faund in both premises, 
•od it is combined with both the other terms ai 
the concloaion. This term A is called the mem 
arMtdumlem. Thus, inthe foUowing example: 



But ai 

nerefore mhc LSAuiaD Mm luu hot tisthods. 

The notion Uamed is the minor t«rm,'thst of tw>- 
tuMM IB the m^or, and >lhe notion of mutr is the 



the trst or second place, provided uie conclusion 
holds the last, it bemg the consequence from the 
prenusea. Lo^cians haTe, however, thought proper 
to lay down this rule : 

Tht first oroposiUoK it alieafi that vhich eontam* the 
fttdkaie ttf tJn ctmeiveion, <r tin mtfor twm ; for Ihit 
it Iha Teuton thai tte pee la Hit propOtMm Iht aoaw 
^ ikt maiac proposition. . 



'< the mean tenii, with the mmor 

the conclusion. 

IV. Syllogisms are distingui 
figures, according as the mea] 
place ot subject^ or attribute, in ' 
Logicians have established J 
gisms, which are thus defined : 
The first figure is that in wh 
the subject m^he major prbpoc 
cate in the minor. 

The second figure, that in wh 
the predicate in both the major 
minor. 
I The third figure, that in whic 

ji^ the subject in both the major ani 

|. i Finally, 

t> A: The fourth figure is ihtiilnyi 

, I / 1 is the predicate in the major 

' ;, subject in the minor. 

|. { ^ Let P be the minor term, or i 

^ .{ i Bjon ; Q the major term, or pre 

I : sion; and M the mean term: 

}- ; syllogism will be represented ii 




FignroTlurd. 

lUjM Propoaitjon | M Q 

Btinor PropoBition I M P 

Conclusion | P —.^— Q 

Figure Fourth. 

Major Piopoiitioii | Q ^— . — — H 

Blinor Proposition 1 M P 

Conclnsion | P Q 

V. Again, according as the propositions themselvei 
are nniveraal or particular, affinnatire or negative, 
eacb fieure contains several forms, caUed model. la 
order tiie more clearly to represent these modes of 
each figiire, we man by the letter A universal 
aflhmative propoutiooa ; by the letter E, umversal 
~ jative propositions; by the letter I, particular 

-~— ^-B prapoeitiona 1 and, finally, by the letter 
u^ panicnlar negative propositions : or else, 
A repreoeBts a univars^ affirmative proposittoa. 
E repreeents a imivereal negative propiMitio'n. 
I re[»esenta a partioular affirmative propositioiL. 
O lepreMnts a particular negative proposition. 

VI. HeRce our nineteen fonis of sylkiglBm above 
described are reducible to the four figures wUcb I 
nan Juat laid down, ■■ in the fotiowiDg tdjle*,* 

I. Hodea of the First Figure. 



■at Mode. 

A. A. A. 

Every H is Q: 

Bat Every? is H: 

Therefore Every P is (i. 


9dHode. 
A.I.L 

EreiyMisQ-. 

But Some P is M: 

Therefore Some P is Q. 


SdMode. 

B. A, E. 
NoMUQ: 
BntEwryPisM: 


1th Mode. 
E. I. 0. 
NoMisQ: 
Bat Some P is H: 



»» 






, !ld«<*Q.O. . „. 









some*"",, 

""?\ 1. 
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UUode. 

A. E. E. 

EvervQisH: 
ButNoMisP: 
~ » Ho P ii Q. 



4th Mode. 

E. A, 0. 
NoQisH: 
ButJIveirMisP: 
Tbenibn Soma F u not Q. 



Sth Mode. 

E. I. O. 

No q is M : 

But Some M is P : 

TheTefore Some P is not Q. 

Yon Bee, then, that the Erst flgure has four modes, 
the second four, the third six, the fourth Ave ; bo 
that the whole of these modes together is nineietn, 
being precisely the same forms which I have above 
exi^ajned, and have jnsl now disposed in the foor 
l^res. In other reqiects the justneks of each of 
these modes has been already demonstrated by the 
apaces which 1 employed to maik the notions. The 
only difibrence consists in this, that here I make use 
of tne letters P, Q, M, instead of A, B, C. 

asth Ftbruary, 1761. . 



LETTER CVII. 

Oiiervatieru and Refieelunu an tht Hffereitf Modet of 
Sytlegum. 

I nAtm myself that the following; reflections 
will coittribate not a bttlo to place' the nature of btI- 
iogisms in a clearer li^M. Yon must pay particular 
attention to the species of the propositions which 
com^se the syllogisms of each of our four figuroa, 
that is to say, whether they are, 

1. UniveraalafiirmatlTe, thesigaof whichis A; or, 
9. UnlTersal negative, the sign of which is B ; w^ 




3 Particiflu'afinMtfTa, the aigo of vhich is I ; a^ 

4. PuiicvlBr ne^tire, the sigu of vrtiich is O ; 
and yM urill KtMy admit th« justness of the fol* 
lowing' rei*cWo»B ;— 

I. In no one instance are both premises uwative 
propositioiu. LagwaaB Itsfe hence fonnea this 
rule: 

Prom two negalwt prapemUoiu no conehuion can be 

The reasoats evident; far l^ins do-vn P and Q 
as the terms of the conclusion, and M ae the mean 
term, if boUi ppennses tve negiOiTe, the affimation 
is, that the notiona P and Q am either wholly ot in 
part ont of H : it is acrnvdingly i>ipaeaU4e to mm- 
elude any thing togfteeUitg the cenibinutT w dis- 
eonfonnity of the notions P uid Q. Thou^ 1 knew 
IVom history that the Oaub were not Horoana, aad 
\hdi neither were the Cehn Rovana, tlua wonld (Krt 
contribute in the leeat to infona me whether tba 
Celts were GbuIb or not, Two aegaiive pttmiaw, 
Uierefore, lead to ko cOHcltiaion. 

II. Both premises are ia no oik inatanca paitico- 
larpropoHitions : hence this rule in logic : 

/Voth tao particuiar propotiliotu no eonehuioH com 
be drawn. 

T^uB, for exam[de, because some learned men are 
poor, and some others maleytrient, it is impoasiUe 
to conclude that those who are poor are maleratent, 
or that they are not so. If you reflect ever so little 
on the nature of a ' consequence, yoa must imme- 
diately perceive that two paiticnuu: prenusea lead 
to no conclusion whatever- 
Ill. If either of the pttmiasUtugatha, tie eontlm- 
jinn toe muii ie tugaiwe. 
This is the third rule which logic preacnbn. 
. Whensonlethingia dcalcdin the premises, it.ia.iiD- 
possible to aShm any thiiig in the cu^uaion; we 
must atwolutely deny there likewise. This nde ia 




MrrKKEKT Kons or irn i nginm. Mi- 

peifectly rontirmed by all the laws of aylloiuni 
whose justice has been demooBtTated. 

IV. ff»ne of the prtmitrt u parliatlar, tht timeh- 

tion too muil he partKuiar. 

This is the fourth rule prescribed in logic. The 
obarafter of particular propoaitiODs being the woni 
nmt, ifwe speak only i)f some in one of the premises, 
it ia impossible to speak generally in the conclu- 
sion ; it must be restricted to some. This rule, like- 
wise, is coafjimed by nil the laws of syUogianii 
whose, justness is indubitable. 

V. When both premues are qfirmatiee, ike amel^ 
tion it fo likeaite. But though both jrremiiet may te 
itnivertal, the coytcliuUm it not aiaayt umiteriai ( imne- 
timet it it parlictdar only, aa in the firit mode of 
figures third and fourth. 

VI. Besides universal and particular propoaitioDB, 
we sometimes make use of lingular propoaitioDB, 
the subject of which ia an individual ; as, when I say, 

Vir/pi loot a great poti, 
the name of Virgil is not a $ceneral notion, contain- 
ing several beings in itself; it ia the proper name of 
a real individual, who lived a great many years ago. 
This proposition is called tiagular ; and when it is 
introduced into a syllogism, it is of importance to 
determine whether we are to consider it as holding 
the rank of a univerwl or particular pro^ition. 

VII. Certain authors insist, that a singular propo- 
sition must be ranked in the class of particulars 



whereas a universal proposition 
Now, say these authors, when we speaK oi omy a 
singular oeing, this is still less than when we speak 
of some : and consequently, a singular propowtion 
must be considered as very particular. 

VIII. However welt Ibunaed this reasoning mgy 
appear, it cannot be admitted. The essence of • 
paiticidar proposition consists in this, that it does 

Vol. I.— H h 




not apeak of all the beinga comprebendea in the no- 
tion of the subject, whereas a umversal propoattion 
apeaka of all without exception. Thus, when it is 

Some titizau of Berlin are rich, 
die subject of this proposition is the notion otaltlh* 
eihzau of Berlin ; bot thin subject is not taken in all 
its extent — its aieniHcstion is expressly restricted 
to lonu i aod by this, puticular propoeitions are es- 
•anttally distiDguiahed from universal, aa they turn 
only on a part of the beinga comprehended in their 
aabjeet. 

IX. It is cleatiy evident, from this remarii, tAat a 
mgMlar propotilion muif tie conndtrtd at unmenal; 
aa, in apeaking of an individual, say Virgil, it in no 
respect restricts the notion of the subject, which is 
Vi^l himself, but rather admits it in all its ext«nt; 
and fur iW reatoa, the tame raia viluck take place m 
umMTtai jBTOpotitiont apply liiewite to lingular propo- 
titioiu. The following ia aecordin^y a very good 
eyUogiam: 

VoLTUBE II L VHILOHOPBIB : 
But VoLTlIKI IS A POET : 

Therefore torn pom *bi pbilosophibs. 
And it would be faulty if the two premises weiv 
particular propositions i but being considered as uni- 
versal, this ayUogism belongs to ngure third, and the 
first mode of tbe form A. A. 1. The individual idea 
c^ Voltaire is the mean term, which is the sutqect 
of both major and minor ; and this is the character 
of figure third. 

X. Finally, 1 must remark, that hitherto 1 have 
spoken otdy of ta>^ propotitiota, which contain onlT 
two notions, the ene of which is affirmed or denied, 
universally or particiiarly. With respect to coat- 
pound propotiiiotu, logic prescribes pecuUar r\Aes. 
^3dMartk,im. 




HYPOTaancAL PBOPonnoKi. 



LETTER CnU. 

HypotkeHcal PropodUimt, and SylUgitau eotulnKUi 
ofi&tm. 

Wb hare hitherto conBJdered aimple propositions 
only, or euch as contain but two notions, the one of 
which is the Bubject, the other the predicate. Thea« 
propositions can fonn no other syUogisms, except 
those which 1 have laid before you, and which are 
contained in the four figures atiove eiplained. But 
we likewise frequently employ com^iufprcipMtitanf, 
which contain more than two oouodb, and respect- 
ing which other rules are to be observed, in order to 
deduce fair conclusions from them. 

Of these compound propositions, the most com- 
mon are those which are called ht/aoi/ittical, or ccn- 
diticnai, which contain two complete propositions, 
with an affirmation, that ■/ tie <mt u frvc, tie MJur 
u to likewite : the following is an example of ■ ooil> 
ditional proposition ; 

If the gazette speaks truth, peace is not very 

Here are two propositions, the fint, the ga*ttu 
tpeakt iTulh, or, l/it gaxelte u Irut : and the oUieri 
peace u nol very dutant. Or peace u apprnaching. 

Now these two propositions must be connected 
together in such a manner, that if the first is true, 
the second is so likewise ; or it is maintained, that 
the second proposition is a oecessary consequence 
of the first, so that the former cannot be true, with- 
out establishing the truth of the other also, Sup- 
poBtng, then, that the gazettes announce the ap- 
proach of peace, we are warranted in saying, tlwt, 
i/* the gaxettei are tme, peace matt be at hand, 

Wiinout this conditaon, such aproposition leada 
to nothing ; but if this condition is complied witti, 
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then, with the addition or some other proposition, 
there are two ways of drawing a conclusion from it : 
lat. When some peraon asaures us, thai the gaxelU 
tpeaks truth ; Tor hence we conclude t/uU peace it 
near : U. Wh«n we are told, thai peaet it ilill very 
duumt ; then we make no heaitation in thence coo- 
chlding that the gazette doet not apeak truth. 

You Me that these two coacluBiona are general, 
and gtte two forms of hypothetical or coMitioiial 
■jUogisiDs, which may be thus represented : 
Firet Form. 
If Ai8B,Cwnj,HiD: 
But A ts B : 
Therafore C ii D. 

Setond Form. 
If A It B, G WILL n D : 
But C u NOT D : 
TTierefore A ts hot B. 
These two are the only JDBtconcInsiona; andyoa 
niurt be carefully on your guard against the fallacy 
of the two following forms; 

First erroneotu Form. 
irAiBB,C wiLLBiD: 
But A IB NOT B : 
Therefore C is hot D. 

Second erronemu Fonii. 

IfAuB, C wiLLBiD; 

Bute IS D; 

Therefore A is B. 

These are both fallacious. In the example adduced 

I should reason inconclusively, if I argued in this 

: OAIITTI SFIAKS TBOTH, PKIOS H 
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TTierefore puce is 

It is undoubtedly true that the gaiette may not 
■peak truth ; nevertheless, it is very possible thai 
puce may be approaching. 




KyMTBmoAL raoponnoin. 

Hm other fonn ia eqnaUy eTToneons : 



But piACi AprROACBu; 
Therefore nti oazctte u mn. 
Let UB suppose that Ihii coosolatory tmtTi, ftatt ap- 
proache*, were revealed to us, so as to be put beyond , 
the possibility of doubt, it would by no meana Totlow 
that gazettes are true, or that they never contain 
untruths. I hope at least that peace is at hand, 
though I am very Tar from putting confidence in die 
truth of gazettes, 

Theae two last fonna of syllogisms, therefore, are 
fallacious ; bul the two preceding are certainly ^ooA, 
and never lead inio error, provided that the first con- 
ditional propoailion is true, or tha.t the last part be k 
necessary conaequence of the first. 

Of thia conditional proposition — 

If A is B, C will be D ; 
the first p<rt, A u £, ia called the mttetdtnt, and 
the othfv, C uiiU ie D, the corutqaaU. I>0g1c pre- 
■cribn the two following rules to direct us in this 
style of reasoning : 

I. Whoevtr admiu ike anttcedent muit lUemtt a^iil 
tie conttmetU. 

II. Wimtver deniei or rejecli the e^tuejvenl autt 
Uieicue deny or reject Ike antecedent. 

But you may very well deny the antecedent with- 
out denying the consequent, and likewise admit the 
consequent without admiiting the antecedent. 

There are still other compound propositions, of 
which also ayUogtams may be formed. It wilt pei- 
haps be sufficient to produce a siagle exaibj^o. 
Having this propftsition, — 

Every substance is body or spirit,— 
the conoluaion will run in the following pwQon ; 

I. Bul such a substance is not body ; 
Thersfon it is spirit. 

HhS 



LETTER CI 

OJthe Impression of Sensat 

Havino endeavoured to unfc 
logic, whose object it is to lay 
for right reasoning, I must sti 
longer on the subjett of ideas. 
II We undoubtedly derive them 

(torn real objects, which strike 
far as they are struck with an 
corresponding is thereby exciti 
only do the senses represent to 
that object, but they give it full 
btence out of us ; and it is of in 
that the sensation is not indifft 
!i f' \ always accompanied with some 

to a greater or less degree. 

Now, having once acquired, t 

. , the idea of any object, the soul < 

f ; the object ceases to act on 01 

f i ' the sensation, by which the s 

disagreeably affected, that is h 



P 



X 

» 
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velring wouU answer little or no porpose ; if W« 
loat evetv moment the recc^ection of ideas once 
perceivHi, we should always be in the alate of new- 
born ioTants, that is, in a state of the most profound 
i^orance. Reminiscence, then, is the most pre- 
eioiu gift which the Creator baa beaiowed on the 
sou) ofman, and here its apirituality. shines in the 
brightest lustre ; for by means of tnis faculty the 
som gradually rises to the attainment of knowledge 
the most sublime. 

Bat tbou^ recollected ideas represent to us the' - 
same objects which perceived ideas do, tbey (GITer 
from them in this, that they are not accompanied 
with the sensation, nor with the conviction, that the 
ot^ts really exist. If you have once been a speo- 
tatiir of a conflagration, you can recall the idea of it 
whenever you will, without imagining, however, that 
there really is one. It is even possible, that for a 
very long time you may not' have thought of such a 
cotUIagnition, but without having lost the power of 
TeoallinE the idea of it. 

It is tne same with respect to all the ideas which 
we have once perceived ; but it frequently happens 
that we lose almost entirely the recollection, oi, in 
other words, forget them. We remark, neverthe- 
less, a very great dilTerence between ideas forgotten 
and ideas wholly unknown, or such as we nev«r 
kad. With respect to the first, as soon as the same 
object presents itself afresh to our senses, we much 
more easily catch the idea of it, and we recollect 
perfectly, that it is the same which we had for- 
gottMi : this woold not be the case bad we never 
possessed it. 

It la here the materialiate boast of having found a 
demonstration of their opinions. Thev conclude 
tkom it, that tl is extremely clear, the soul is nothing 
else but a subtile matter, on which external objects 
are capable of making some slight impression, by 
means of the senses ; that this impression is nothinc 
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them when we please : and if 

effaced, how could matter reco 

had that impression, on receii 

though it be very certain that 

on the senses produces some ( 

this change is very different : 

is occasioned by it ; and the s 

or disgust, as well as the judgi 

object itself which caused this 

^ require a being wholly different 

dowed with qualities of quite a 

Our advances in knowledge 

ideas perceived : the same ides 

^ memory form for us, by abstra 

ff of them, which contain at one 

individual ideas; and how mai 
we form respecting the qualiti 
objects which have no relation 
real, such as the notions of virt 
This, after all, refers only t< 
which comprehends but a pari 
the soul ; the other part is not les 
the wiil and liberty^ on which dc 
! tions and actions. There is n 
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solve aH the peqifeiing questions rea{>ecting tho 
origin of evil, the pennisaion of sin, and the ex- 
istence of aU tbe Calamities by which the world is 
oppressed; their great and only source is human 
liberty. 

lOlk Marck, 1761. 



LETTER ex. 
Of tha Origin Md PtrmuiioH of Eml ; mdo/Siti. 

Tn origin and permission of evil in the world i* 
an article which has in ^11 ages greatly perplexed 
theologians and philosophers. To believe that God, 
a Being supremely good, should have created this 
world, and to see it ovemihelnied with such a variety 
of evil, a;^an so contradictory, that some fouM 
themselves reduced to the necessity of admitting 
two princii^es, the one supremely good, the other 
supremely evil. This was the opinion entertained 
by the ancient heretics known m history by tha 
name of MaraeAeam ; who, seeing no other way of 
accounting for the origin of evil, were reduced to 
this extremity. Tbousn the question be extremely 
complicated, this single remark, that liberty is a 
quality essential to spirits, dispels at once a great 
part of the difBculties which would otherwise be io- 
sunnountable. 

In truth, when God had created roan, it was too 
late to prevent sin, his liberty being susceptible of 
no constraint. But, I shall be told, it would hav* 
been better not to create such and such men, or 
apirits, who, as God must have foreseen, would abase 
their liberty, and plimge into sin. I should deem it 
lather rash to enterupon thisdiscussion.and to pre- 
tend to judge of the choice which God might have 
been able to make in creating spirits; and perli^ 
the plan of the universe re^iured tbe existence of 
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beings endowed with reason, 
which do exist, and which sh: 
universe, must be infinite. 

It is therefore unpardonabl 

sinuate that God ought not to 

ence to a great number of spir 

sons who thus reproach their li 

not wish to be oi the number < 

^ istence was denied. This fin 

sufficiently done away ; and it : 

with the Divine perfections th 

bestowed on all spirits, good a 

It is next alleged, that the 

u, spirits, or reasonable beings, 01 

fr pressed by the Divine Omnipo 

mark, that liberty is so essenti 
'l*^. ' be beyond all power of constra 

f*^ of governing spirits consists in 

I i dispose them to what is good, 

V } from evil ; but in this respect 

)h ' slightest ground of complaint. 

I j , motives have undoubtedly been] 

I V ! to incline them to good, these n 

I : j on their own salvation ; but th 
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other means vtiich God employa to teclaim ua from 
our Wanderings, that, on this side, we mav rest cod- 
fldenUy aesurnd that God has omitted nothing which 
could hav« prevented the mali^ant explosions of 
men, and of other reasonable beings. 

But those who bewilder themselves in such doubts 
respecting the origin and the permission of evil in 
the world, perpetually confound the corporeal with 
the spiritual world ; Ihey imn^ne that spirits are, as 
bodies, BUBceplible of constraint. Severe discipline 
is frequently capable of preventing, among the chil- 
dren of a family, the aoldiera of an artny, c " 



this constraint extends only Co what is corporeal ; 
it in no respect restrains the spirit from being aa 
vicious and as malignant as if it enjoyed the most 
unbounded license. 

Human governments must rest contented with 
this exterior or apparent tranquillity, and give them- 
selves little trouble about the real dispositions of 
men's minds; but before God the thoaghts all lie 
open, and perverse inclinations, however concealed 
from men, are as abominable in his sight as if they 
had broken out into the most atrocious actions Men 
suffer themselves lobe dazzled by false appearances; 
but God h<is respect to the real dispositions of 
every spirit, according as they are virtuous or 
vicious, independently of the actions which flow 
from them. 

The Holy Scriptures contain to this purpose the 
most pointed declarations, and inform us that he 
who meditatesonly the destruction of his neighbour, 
suffering himself to be hurried away by a spirit of 
hatred, is as criminal in the sight of God as the ac- 
tual murderer ; and that he who indulges a covetous 
Anire of another's property is, in His estimation, as 
much a thief as he who really steals. 

In this reelect, therefore, the gov enunent of Qod 
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LETTER C 
0/ Moral and Phy^ 

WHfiN a complaint is made o 
vail in the world, a distributic 
classes takes place, — moral e\ 
The class of moral evils cont 
vicious inclinations, the disp< 
what is evil or criminal, whic 
most grievous calamity and tb 
tion which can exist. 

In truth, with regrard to spiri 
conceive a more deplorable ir 
Uiey deviate from the eterna 
abandon themselves to the < 
Virtue is the only means of ren 
to bestow feUcity on a vicious 
power of God himself. Eve 
vice is necessarily miserable, aj 
virtue its misery caoiiot comA « 
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Bany corrupted men and Bpirits ought not to form 
any objection against the perfection or this world, 
much lesa be comiidered as an imputation of the Su- 
preme Being. 

A spirit, the devil not excepted, is always abeing, 
excellent, and infinilelv superior to every thinff that 
Can be conceived In the corporeal warM ; ana this 
world, as far as it contains an infinite number of 
spirits, of all orders, is always a work of the highest 
perfection. Now, all spirita being essentially free, 
criminality was possible from the commencemeot 
of their existence, and could not be prevented even 
by the Divine Omnipotence. Besides, spirits are the 
authors of the evils which necessarily result from 



these evils cannot be ioipuled to the Creator; 
among men, the workman who makes the sword ia 
not responsible for the mtschief that is done with it. 
Thus, with respect to the moral evils which prevail 
in the world, the sovereign goodness of God is suf- 
ficiently Justified. 

The other class, that o^ physical evilt, contains all 
the calamities and miseries to which men are ex- 
posed in this world. It is admitted that most of 
these are a necessary consequence of the malice and 
other vicious propensities with which men as well 
u other spirits are infected ; but as these conse- 
quences are communicated by means of bodies, it is 
asked, Why God should permit to wicked spirits the 
power of acting so effiiaciously on bodies, and of 
employing them as instruments to execute their per- 
nicious purposes 1 A father who saw his son on 
tha point of committing a murder would snatch the 
sword out of his hand, and prevent the perpetration 
of a crime ao heinoua. I have alreaay observedr 
that this abandoned son ia equally guilty before God, 
whether he has actually accomplisned his deiigii,or 
imly iDMle inefiectusl «ff»rtf tc necute it i ai)^ (be 

Vol-. I.— li 
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faXbm, who prevented him, does not thereby render 
Mm better. 

We may neverthelem coafidently maintain, thai 
God does not permit & free course to the wicked- 
niithing reeiist the e 

"■ ' 1 heart 

) that 

the wicked have ^reat difficulties to encouat«r ; and 
though they should succeed, they have no power 
over the consequences of their actions, which slwava 
depend on ho many other circumstances that, in the 
issue, they produce the directly opposite effect from 
what was intended. It caimot be deified, at the sHme 
time, that there may result from these calamities 
and miseries to torment mankind ; and it is imagined 
that the world would be infinitely better ^vemed 
were God to interpose an effectual restraint to the 
wickedness and Audacity of n 

It would undoubtedly be 
crash to death a tyrant before h 
cruel and oppressive designs; or to strike dumb an 
imjust judge who was going to pronounce an iniqui. 
tous sentence. We mimht then live quietly, and 
enjoy all the comforts of iife, supposing God wer« 
to grant us the bleasini^ of health, and all the good 
things we could wish for : our h^ippiness would thus 
be perfect. On this plan they would have the world 
govemed,in order to render us all happy : the wicked 
disabled to perpetrate their criminal purposes, and 

thefT- ' -■ ' 

all tl 



surprise that thia world should be so different from 
the plan which is imagined the moat proper for the 
attainment of this end. We rather see tlie wicked 
frequentlv enjoying, not only all the advantages of 
thia life, but put in a condition to execute their ma- 
(Aioations, to the confusion and dislnss of pervotw 
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of woitb ;, while the good are oppreued and over- 
whelmed by the most sensible evih, pains, diseases, 
moTtilications, loss of goods, and, in a:eneral, by 
every species of calamity ; and that at last the good 
as well as the bad must infallibly die, which appears 
to be the greatest of all evils. 

Lookinft on the world in this point of view, one is 
tempted to call in question the supreme wisdom and 
goodness of the Creator; but it is a hazard which 
we mnat take gre^t care to avoid. 
^Ik March, 1T6I. 



LETTER CXIi. 
Heply te Cimplainti of the Existence cf Pkfikal Evil. 

Sdpposiko our existence limited to the present 
life, the possession of the good things of this world 
and the enjoyment of every delight would be very 
far from filling up the measure of our happiness. 
All are agreed, that true felicity consists in mental 
inuiquillily and satisractlon, which are seldom if ever 
accompanied with that brilliancy of condition which 
is considered as such an inestimable blessing by 
those who judge only from appearances. 

The insufficiency of temporal good things to ren- 
der us happy becomes still more manifest when w« 
come to reflect on our real destination. Death does 
not put a period to our euEtence, it rather transmits 
us into another life, which is to endure for ever. 
The faculties of our soul, and our attainments in 
knowledge, will then no doubt be carried to the high- 
est perfection; and it is on this new state that our 
real happiness depends, and this state cannot be 
happy without virine. 

The infinite perfections of the Supreme Being, 
which ne now perceive only as through a thick 
cloud, shall then shine in the brighiest lustre, and 
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shall become the principal object of our contempla- 
tion, admiration, and adoration. There, not only 
shall our underBtandin)^ find the most inezhauatible 
etoreH of pure and perfect imowled)^, but we shall 
be permitted to hope for admission into favour with 
the Supreme Being, and to aspire after the most en- 
dearing' expresBions of his love. How hHppy do 



which he bestows are marred by many infusions of 
bitterness '. What will it then be, in the life to come, 
when God himaelf shall ihrd abroad hit loot tn mtr 
heart* — a love, the effects of which shall never be in- 
terrupted nor destroyed ? This shall thenceforwaWI 
constitute a felicity infinitely surpassing all thst we 
can conceive. 

In order to participate in these ineipressible fa- 
vours, flowina: from the love of the Supreme Beinft, 
it is natural tnat, on our part, we should be pene- 
trated with sentiments of the most lively afreclion 
to him. This blessed union absolittely requires in 
US a certain disposition, without which we should be 
incapable of participating in it \ and this dispositioa 
consists in virtue, the basis of which is the love at 
God, and that of our neighbour. The attainment 
of virtue, then, should be our chief, our only abject 
in this life, where we exist but Tor this end — to pre- 

Sre for, and to render ourselves worthy of, partaking 
Bupreme and eternal felicity. 
In this point of view, we must form a judgment of 
the events which befall us in this Lfe. Ii is not the 
possession of the good things of this world that ren- 
ders us happy ; it is rather s situation wliich most 
effectually conducts to virtue. If prosperity were 
the certain meana of rendering us happy, we might 
be suffered to complain of adversity ; but sdversity 
miy rather have the effect of confirming our virtue: 
and, in this view, all the complaints of men respect- 
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ing the phyiical evils or life are likewise completely 
done away, 

You have no difficulty, then, in comprehending 
that God had the most solid reasons for admitting 
into the world so many calamities and miseries, as 
the whole obTJously contributes Id our salvation. It 
is unquestionably true that these calamitiea are, for 
the moat part, natural consequences of human cor- 
ruption ; hut it is in this very thing that we must 
pnncipally admire the wisdom of the Supreme Being, 
who knows how to overrule the most vicious actions 
for our final happiness. 

Many ^od people would not have reached such 
a sublimity of virtue, had they not been of^ieased 
and tormented bv cruelty and injustice! 

I have already remarked, that bad actions are 
such only with regard to those who commit them : 
the del enni nation of their soul alone is criminal, the 
action itself being a thing purely corporeal, inasmuch 
as, considered independently of the person who com- 
mits it, there is nothing either good or evil in the 
case. A maaon falling from the roof of a house 
tipon a niHn as certainly hills him as the most deter- 
mined aasassio. The action is absnlutely the same ; 
but the mason is not guilty in the 9lighte.st degree; 
whereas the assassin deserves the severest punish- 
ment. Thus, however criminal actions may be with 
regard to those who commit them, we must consider 
them in quite a different hghl as they alfect ourselves, 
or produce an influence on our situation. 

We ought therefore to reflect, that nothing caa 
befall us but what is perfectly consonant to tha 
•overeign wisdom of God. The wicked may be 
gujlty of injustice towards us, but we cannot upon 
the whole suffer from it: no one can ever injure us, 
though he may greatly hurt himself; and in every 
ihiag rhat comes to pass, we ought always to ac- 
knowledge God, as it it befell us immediately by 
tu^ efpiieap appointment. We ipay, moreover, rest 
Ii9 
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assured that it is not from caprice, or mprely to mt 
UB, that God disposes the events in »b:ch w« an 
concerned, but that they must infallibly terminate id 
our true happiness. Those who consider all erents 
in this light will soon have the satisfaction of being 
convinced that God exercises a peculiar care oter 

31ft March, 1761. 



LETTER CXin. 

The real DetHnatum of Man ; Usejvlneu and Necei- 
sity of Advertitt/, 

I Bopi you have no donbts remaining with respect 
to this great queatton, — How the evils of thia woiid 
can i>e reconciled to the supreme wisdom and good< 
ness of the Creator 1 The solution of it is incon- 
testaUy founded on the real destination of man, and 
of other inteltirent beings, whose existence ia not 
limited to this Hfe. The moment that we lose si^t 
of this important truth, we find ourselves involved 
in the greatest perplexity ; and if man were created 
only for this life, it would assuredly be impossible 
to establish a consiatency between the perfeclioiu 
of God and the distresses and miseries with which 
this world is oppressed. Those miseries would be 
but too real ; and it were absolutely impossible to 
explain, how the prosperity of the wicked, and the 
misery of so many good people, could consist witii 
the Divine justice. 

But no sooner do we reflect that this life fs bnf 
the commencement of our existence, and that it is a 
preparation for one that shall endure eternally, than 
the face of things is entirely changed, and we are 
obliged to form a very dilTerent judgment of the 
-"-^•■- -'■'-'■ "-rslife ai 
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We ^njoy in this vorld is the reverse of a suitable 
prepuxtion Tor a Tuture life, and for rendering ns 
*nrthy of the felicity v*hich there awaits us. How- 
ever important to our happiness the possess io~ ~' 



the good things of this world mav appear, this 
qoality pertains to them only in so far as they are 
impressed with the si^atures of Divine goomiess. 



independent of which no earthly possessions couU 
constitute our felicity. 

Real happiness is to be found only in God himself; 
all other delights are but an empty shade, and are 
capable of yielding only a momentary satisfHction. 
Accordingly we see thai those who enjoy them in 
the greatest abundance are quickly satiated ; and 
this apparent felicity serves only to Inflame their 
desires and 1o disorder their passions, by estranging 
them from the Supreme Good, instead of bringing 
them nearer to Him. But true felicity consists in 
> perfect union with God, which cannot subsist 
without a love and a confidence In his goodneaa 
transcending all things; and this love requires a 
certain disposition of soul, for which we must be 
mailing preparation in this life. 

This aisposition is virtue, the foundation of which 
\a contained in these two great precepts : 

Tlum t/mtt loot lAt Lord (Ay Qod aiih all thy heart, 
viilh all thy loul, with all thy atrength, aixd with all 

and the other, which is like unto it: 
Tkov shall loee thy neighbour a* thytelf. 
Every other disposition of soul which deviates 
from these two precepts is vicious, and alisolutely 
unworthy to partake of true happiness. It Is as im- 
possible for a Vicious man to enjoy happiness In the 
fife to come, as for a deaf man to relish the pleasure 
Of an exquisite piece of niuslc. He must be for 
ever excluded from it, not by an arbitrary decree of 
Oed, but by the tery tnturt of the Uung ; a vicioita 
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man not being, from his own nature, soBceptttrie of 
supreme felicity. 

If we consider the order and economy of the 
world in this point of view, notiiing can l>e more 
perfectly disposed for the attainment of this great 
end. All events, the calamities themselves which 
we undergo, are the most suitable means for con- 
ducting us to true happiness ; and in this respect it 
may be with truth affirmed, that this is indee4 the 
best world possible, as every thing in it concurs to 
promote our eternal salvation. When 1 reflect that 
nothing befalls me by chance ; but that every event 
is directed by Providence, in the view of rendering 
me truly and everlastingly happy, how ought Ibis 
consideration to raise my thoughts to God, and to 
replenish my soul with the< purest affection. 

But however efficacious these means may be in 
themselves, they exercise no force upon our minds, 
to which Uberty is so essential that no degree of 
constraint can possibly take place. Experience, ac- 
cordingly, frequently demonstrates, that our attach- 
ment to the objecU of sense renders us too vicious 
to listen to these salutary admonitions. Abuse of 
the means which would have improved our virtue 
plunges us deeper and deeper into vice, and hurries 
us aside from the only path that leads us to ba[^ 
piness. 

34fA March, 17Ct. 



LETTER CXIV. 

Of true Happineii. Canveriion of Siimeri. Btfly 
to ObjtctioTU <m tht Suljeet. 

Turn ho^ life of the apostles, and of the other 
primitive Christians, appears to me an irresistible 
proof of the truth of the Christian religion. If true 
nappinew consists in union with the Supreme Beiof , 
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which it ia impossible for a moment to doubt, the 
enjojment of tnis happiness necessarily requires, on 
our part, a certain diaposition, founded on supreme 
love to God, and the most perfect charity towards 
our neighbour: so that all those who are destitute 
of this disposition destroy their own pretensions to 
celestial felicity ; and wicked men are from their 
very nature necessarily excluded from It, it being 
impossible for God himself to render them happy. 
For the Divine Omnipotence extends only to things 
which are in their nature possible, and liberty is so 
essential to spirits that no degree of constraint can 
take place with respect to them. 

It IS only by motives, therefore, that spirits can 
be determined to that which is good; now, what 
motives could be proposed to the apostles and other 
disciples of Jesus Christ, to embrace a virtuous life, 
more powerful than the instructions of their divine 
Master, his miracles, his sufferings, his death and 
resurrection, of which they were witnesses. All 
these striking events, united to a doctrine the most 
sublime, nmst have excited in their hearts the most 
fervent love and the most profound veneration for 
God, whom they could not but consider and adore 
as at once their heavenly Father and the absolute 
Lord of the whole universe. These lively impres- 
sions must necessarily have stifled in their breasts 
every vicious propensity, and have conUrmed them 
more and more in the practice of virtue. 

This salutary effect on the minds of the apostles 
has nothing io it of itself mimcnlous, or which en- 
croaches in the smallest degree on their liberty, 
though the events be supernatural. The great re- 
quisite was simply a heart docile and uncorrupted by 
vice and passion. The mission, then, of Jesus Christ 
into the world produced in (he minds of the apos- 
tles this disposition, so necessary lo the attainment 
and the enjoyment of supreme happiness; and that 
mission still supplies the same motives to porsue the 
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infiiiitely transcend the powers 
ing. I only remark, that thea 
of which we are convinced by 
be produced by illusion, or hu 
are too salutary not to be divine 
perfectly in harmony with the 
pies which we have laid dow 
governed only by motives. 

Theologiiuis have maintainei 
tain« that conversion is the im 
God, without any co-operatioi; 
They imagine, that an act of 
sufficient to transform in an 
miscreant into a virtuous mai 
may mean extremely well, and 
as thus exalting the Divine 0\ 
sentiment seems to me inconsi 
and p^oodness of God, even th< 
versive of human liberty. Ho^ 
be said, if a simple exertion ol 
tence is sufficient for the insta 
of every sinner, can it be pos 
should not actually pass, rathei 
thousands to perish, or employ 
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BB if I were maintaining that the power of man is 
Bufficient for his conversion ; but this reproach af- 
fects me not, as I am conscious of Intending to place 
the KOodnesB of God in its clearest light. In the 
work of conversion, man makes perfect use of his 
liberty, which is unsusceptible of constraint ; but 
man is always determined by motives. Now these 
motives are su^eeted by the circumstances and 
conjunctures of his condition. They depend en- 
tirely on Divine Providence, which regulates all 
events confonn^ly to the laws of sovereign wis- 
dom. It is God, InerefOre, who places men every 
instant in circumstances the most favourable, and 
from which they may derive motives the most pow- 
erful lo produce their conversion ; so that men are 
always indebtedto God for the means which promote 
their salvation. 

I have already remariied, that however wicked 
the actions of men may be, they have nopowerover 
their consequences, and thnt God, when he created 
the world, arranged the course of all events so that 
every man should be every instant placed in circum- 
stances to him the most salutary. Happy the man 
who has wisdom to turn them to ^ood account ! 

This conviction must operate m us the happiest 
effects; unbounded love to God, with a firm reliance 
on his providence, and the purest charity towards 
our neighbour. This idea of the Supreme Being, as 
exalted as it is consolatory, ought to replenish our 
hearts with virtue the most sublime, and effectually 
prepare us for the enjoyment of life eternal. 

38fA March, 1761. 
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LETTER CXV. 



Tht tnt* Foundation of Human Knmeledge. Sourcei 
of Truth, and Clatats of Information derived fromii. 

Hatihb taken the liberty to lay iMfore you my 
opinion respecting the roost importaiit article of hu- 
man Knowledge, I flatter myself it will be auflicient 
to dissipate the doubts which naturally arise out o( 
the subject, from want of exact ideas of the liberty 
of spirits. 

1 shall now have the honour of submitting to your 
consideration the true fouadation of ail our know- 
ledge, and the means we have of being assured of 
the truth and cBrtainty of what we know. We are 
very far from beine always certain of the truth of all 
our sentiments; lor we are but too frequently dai- 
zled by appearances, sometimeH exceedingly slig-ht, 
and whose falsehood we afterward discover. A» 
we are therefore continually in danger of deceiving 
ourselTea. a reasonable man is bound to use every 
effort to avoid error, though he may not always be 
so happy as to succeed. 



suasion of any truth whatever ; and it is ahaolutely 
necessary that we should be in a condition to judge 
if they are sufficient to convince us or not. For this 
elTect I remark, flrst, that all truths within our reach 
are referable to three classes, essentially distin- 
guished from each other. 

The first contains the truths of the senses ; the 
second, those of the understandiug ; and the third, 
those of twlief. Each of these classes requires 
peculiar proofs of the truths included in it, and in 
these three classes all human knowledge is com- 
prehended. 



^ 
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Proofs of the first class are reducible to the 
aenaes, and are thun expressed : 

This u true, for I saa il, or am conciaced nf it by 
th« fiiuUnce of my seniei. 

It is thus f know that the magnet attracts iron, 
because I aee it, and experience furnishes me with 
incont'eBlatAeproofsofthefact. Truths of this class 
are called lauibU, because they are founded on the 
senses, or on experience. 

Proofs of the second class are founded on ratioci 
matton: 

Thi* u true,for I am able la denumtlrate it onprm- 
^plet of jiisl reaioning, or by /air lyltogisms. 

To this class principally logic is to be referred, 
■which prescribes rules for reasoning consequentially. 
It is thus we know that the three angles of a recti- 
lineal triangle are together equal to two right angles. 
In this case I do not say I see it, or that my senses 
convince me of it ; but I am assured of its truth by 
a process of reasoning. Truths of this class are 
called tnlelleclual ; and here we must rank all the 
truths of geometry, and of the other sciences, inas- 
much as they are supported by demonstration. Von 
must be sensible that such truths are wholly differ- 
ent from those of the first class, in support of which 
we adduce no other proofs but the senses, or expe- 
nence, which assure us that the fact is so, thou^ 
we may not know the cause of it. In the eiample 
of the magnet, we do not know how the attraction 
of the iron is a necessary effect of the nature of the 
m^Tiet and of iron ; but we are not the less con- 
Tinced of the truth of the Tact. Truths of the first 
class are as certain as those of the second, though 
the proofs which we have of them are entirely 
different. 

I proceed to the third class of truths, that of faith, 
which we believe because persons worth; of credit 
relate them ; or when we say; 

Vol. I.— K k 




iSS romtDATion or HinuM knovlime. 

Thit it true, for teveral eredilaUe persons hone mm- 

ThiB class accordio^r includea all kUtorieal tmUu. 
Vou believe, no doubt, that there was formerly a 



though you never saw him, and are unable to demon- 
strate geotpatrically that such a person ever existed. 
But we believe it on the authority of the authors 
Tholiave written his history, and we entertain no 
doubt of their fidelity. But may it not be possible 
that these authora have concerted to deceive us * 
We have every reason lo reject such an insinuation ; 
and we are as much convinced of the truth of these 
facte, at least of a great part of them, as of truths 
of the first and second classes. 

The proofs of these three classes of truths are 
extremely different; but if they are solid, each in 
its kind, they must equally product conviction. You 
cannot fK>asibly doubt that Russians and Ausirians 
have been at Berlin, though you did not see them ; 
this, then, is to you a truth of the third claaa, as 

ru believe it on the report of others ; but to me it 
one of the firat class, because 1 saw them, and 
conversed with them.; and many others were as- 
sured of their presence by means of their senses. 
You have, nevertheless, as complete conviction of 
the fact as we have, 
3lat March, 1781. 



uCl iO J.v*i> 
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